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POOR PRINCESS! Because a dried pea had 
been placed under her stacked swansdown 
mattresses, morning found the legendary 
lass black, blue, and yawning. Of 
course, this test of her royal sensitivity 
wouldn't have worked with foam rubber 
mattresses made from Shell Chemical's 
newest latex ... 

Developed for the manufacture of high 
quality foam rubber-this synthetic rubber 
latex is produced in a new Shell plant, 
designed and built' for this specific purpose. 
Here, the highest degree of specialization 
insures product uniformity "and dependa
bility. 

Whether for fine furniture ; automobile 
upholstery-or mattresses fit for royalty
use Shell's newest latex when you want. 
superior foam rubber. 

Shell Chemical 

Corporation 

Chemical Partner of Industry 

and Agriculture 

TORRANCE, CALIFORNIA 

• 
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Aluminum Inflates 

I. G.Y. Weather Balloons 
• • .  and versatile 

aluminum powders offer 

wide-ranging properties 

for many applications 

The news that aluminum powders are being used to 
generate hydrogen for I.G.Y weather balloons drama
tizes a fact that may not be too well known: Reynolds 
Aluminum in powder or granular form can be as ver
satile-and as effective-in many chemical and manu
facturing processes as is solid aluminum. 

For example, the Reynolds Aluminum granular 
powder, HPS-9, which is reacted with a caustic solution 
to generate hydrogen: It actually gives weathermen a 
simple, portable generating plant, to provide savings 
in storage tanks and equipment. Together with a close 
relative, HPS-IO, it is equally efficient and effective in 
many other uses including: 

-reducing agents in preparation of alum 

-ingredient in metal plastics 

-fuel 

-in "Hot Tops" <Exothermic Reactions) 

-in preparation of metals from ores, oxides, 
and/or solutions 

-as a sacrificial metal in chemical reaction 

REYNOLDS GRANULAR POWDER CHARACTERISTICS 

Reynolds HPS-9 and HPS-IO are 99.3 plus percent 
pure aluminum in granular form. In chemical reactions 
they are more efficient than atomized aluminum powder 
with the same screen analysis, and they have a lower 
apparent density. 

REYNOLDS NEW GRANULAR ALUMINUM POWDERS 

A new form of granular aluminum, in the same group 
as HPS-9 and HPS-IO, are 200x and 300x powders, 
recently developed by Reynolds. These 99.3 plus per
cent pure aluminum powders offer reaction rates and 
flow properties not previously found in this form. 
They are meant for use in the production of aluminum 
chemicals, catalysts, fuels, etc. 

T yp;cal Properties 01 Reynolds Granular Aluminum Powders 

RETENTION 
GRADE mesh percent APPARENT DENSITY 

screen average grams per cc-average 

HPS-9 10 12.0 
60 95.0 0.60 

HPS-l0 12 0.5 
140 97.0 0.65 

200x 10 1.0 
60 99.5 1.00 

300x 6 1.0 
40 99.0 1.10 

Reynolds Aluminum granular powder helps generate hydrogen for this 

I.G.Y. weather balloon. Photo courtesy Dewey & Almy Chemical Co., 

Div. of W. R. Grace & Co. 

REYNOLDS ATOMIZED ALUMINUM POWDERS 

Reynolds also offers a wide range of atomized powders 
made from high purity aluminum. Atomized powders 
are used as reducing agents in the winning of metal 
from its oxides. They are also used in new catalytically 
polymerized epoxy resins, in protective coatings, in 
plastic molds, in cold solder, in abrasives, in grouting 
cement, and in the manufacture of alum and titanium 
dioxide. 

Typical Properties of Reynolcls Atomizecl Aluminum Powclers 

I 
RETENTION ON 

GRADE NO. 325 (44 APPARENT PARTICLE 
MICRON) SCREEN DENSITY SIZE 

percent average grams per cc Microns 

1-701 65 1.20±0.15 32 ± 5 
40 40 1.20 ± 0.10 30 ± 5 

120 20 1.00 ± 0.10 20 ± 5 
200 10 1.00 ± 0.10 15 ± 5 

1-511 5 1.00 ± 0.10 13 ± 3 

TECHNICAL ASSISTANCE AVAILABLE 

The aluminum powders described above are just a few 
of those in Reynolds complete line. Reynolds can sup
ply aluminum in granular, flake, powder, and paste 
forms, with a wide range of controlled particle sizes 
and apparent densities, and in various purities. 

If the above applications and product information 
suggest possible aluminum powder or paste uses for 
you, Reynolds chemists and engineers will be glad to 
work with you on research and development. Write 
direct to Reynolds Metals Company, P.O. Box 1800-PS, 
Louisville 1, Kentucky. 

Watch Reynolcls 

All-Family Television 

Program "DISNEYLAND", 

ABC-TV. 

© 1957 SCIENTIFIC AMERICAN, INC



GRAPHITAR® is the main shaft seal in 
(CARBON.GRAPHITE) 

the PRATT & WHITNEY J57 turbojet engine 

• Boeing's B·52 
Intercontinental Bomber, the striKll.l""----...c 

arm of our Strategic Air Command, is powered by 
eight twin-spool axial-flow turbojet engines manufactured by the Pratt 

& Whitney Aircraft Division of United Aircraft Corporation, East Hartford, 

Connecticut. These turbojets are in the 10,000 pound thrust class and in engines 

of this caliber, complete dependability is vital. One of the components of the J 5 7 
is a GRAPHITAR air/oil seal employed on the turbine main shaft which, naturally, is 

turning at high speeds. The GRAPHITAR seal also easily withstands the maximum 
operating pressures developed in the engine. The slots in the face of the seal 
(shown approximately "13 size) are for pressure balance and cooling. This 
Main Shaft Seal is just one of several GRAPHITAR seals used in the J 5 7 
engine. GRAPHITAR parts can resist such taxing physical conditions 
because they are strong, self-lubricating, and practically inert. 

GRAPHITAR has excellent wearing properties and cannot be 
corroded by most chemicals. Where the application is 

tough, and complete dependability important, 
GRAPHITAR is the engineering material to specify. 

F rom the Pratt & Whitney Tur bo
jet Engine to the atomic sub
marine Nautilus, f rom automobile 
pu mps to automatic toaster s, 
GRAPHITAR is aiding the per
for mance of literally hundreds 
of highly diverse products. It can 
be for med in r elatively compli
c a t e d  shapes and g r ound to 
tolerances as close as .0005" for 
seals, b ea r ings, vanes, piston 
liners, and many other parts. 
For complete facts write for our 
new GRAPHITAR Engineer ing 

Bulletin No. 20. 

THE UNITED STATES GRAPHITE COMPANY 
DIVISION OF THE WICKES CORPORATION . SAGINAW 6, MICHIGAN 
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For the thermal barrier breakthrough, 
POLYMER has developed NEW 

FERROTRON® ferromagnetic mate

rials operable to 700°F. 

If you are interested in high tempera

ture electronics, our high frequency, 

non-memory inductive materials can · 
help you. 

THE POLYMER CORPORATION OF PENNA. 

Subsidiary of 
The Polymer Corporation 

Reading, Pennsylvania 

Export: Polypenco, Inc., 

Reading, Penna . .  U.S.A. 

THE COVER 

The color photomicrograph on the 
cover shows two living specimens 
of hydra, the tiny fresh-water or
ganism which can grow from a small 
piece of another hydra (page 118). 

THE ILLUSTRATIONS 

Cover photograph 
by Roman Vishniac 
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Roman Vishniac 
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MINIATURIZATION AWARD 

THE AWARD 

Miniature Precision Bearings, Inc. cordially invites you to par

ticipate in the Annual Miniaturization Award Competition. The 

Miniaturization Award for 1957 will be presented on March 23, 

1958 at the 1st Annual Awards Dinner in New York. The Award 

will consist of a piece of original sculpture, symbolizing miniaturi

zation, by a leading American artist, which is cast in bronze and 

inscribed. There will also be Honorable Mentions for additional 

outstanding contributions. 

PURPOSE OF THE AWARD 

To increase public knowledge of the importance of miniaturization 

and to stimulate further activity within industry toward the 

advancement of the concept of miniaturization. 

CRITERIA FOR AWARD 

Contributions considered for the Award should have been made 

in the recent past to be eligible for consideration by the Miniaturi- _ 

zation Awards Committee. Details of criteria on which awal'ds 
will be based can be obtained by writing: Awards Committee, 
MiniatuTe Precision Bearings, Inc., Precision Park, Keene, N. H. 

JUDGING OF ENTRIES 

The awards will be judged by an eight-man independent com

mittee comprised of the following individuals: R. L. Goetzen

berger, Educational Consultant, Minneapolis-Honeywell Rcgu

latol' Co. I Dr. George H. Lee, Di1-ect01' of Resea1'ch, Rcnsselae1' 

Polytechnic Inst-itute / Morton Pavane, Electronics Engineer, 

Ait Reseal-ch and Development Command I Gerard Piel, Publish

er, SCIENTIFIC AMERICAN / Gustave Shapiro, Chief, Enginee1'ing 

Elect1'ouics Section, Electricity and Elect1'onics D-ivision, National 

Bm'ealt of Standards / George F. Sullivan, Edito1', THE IRON 

AGE I Elmer Tangerman, Editor, PRODUCT ENGINEERING I Arthur 

W. Weber, Vice President, Engineering & Manufacturing, Cont

ing Glass Works I Horace D. Gilbert, President, Miniatul'e Pre

cision Bea1'ings, Inc. 

ENTRIES 

Description of a specific contribution should be made in as com

plete a form as possible and mailed to the Awards Committee, 

Miniature Precision Bearings, Inc., Precision Park, Keene, New 

Hampshire. Samples of the product itself, blueprints or photo

graphs will be helpful. Descriptive information should include 

some of the design characteristics of the product and the specific 

problem solved by the miniaturization effort. 

DEADLINE 

In ordet· to be considered for the 1957 Miniaturization Award, 

entries must be received by the Awards Committee by January 

31,1958. 
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Life 

STRENGTH AND BEAUTY 
ARE ADDED TO SKIS made 
of FORMICA® laminated plas
tics. The typical hard, smooth 
surface adds to skiing speed. 
Exceptional resistance to heat 
and moisture keeps skis in top 
shape through many seasons 
of hard use. Special Cyan
amid resins in FORMICA lami
nates give great impact and 
flexural strength to high-qual
ity skis, golf club heads, pad
dle tennis racquets, and other 
sports items. 

(The Formica Corporation) 
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on the 'Chemical Newsfront 

BETTER WATER-BASE PAINTS 

THE EASIEST, PLEASANTEST PAINTING YET is the promise of paints 
made with new water-dispersed self-emulsified CYAQUA * resin. Com
bining virtually all the advantages of solvent-type alkyds and water
base latex paints, they brush easily, evenly and thoroughly, even over 
glossy surfaces. Missed spots - or "holidays" - can be touched up with
in minutes or hours without showing lap lines. Odor is pleasant, and 
brushes, rollers and spills can be rinsed easily with water. Touch-dry 
in minutes, CYAQUA resin-based paints withstand frequent scrubbing. 

(Plastics and Resins Division) 

A NEW, HIGHLY EFFICIENT THICKENING AGENT for all types of 
water-base paints is PAM 200 polyacrylamide - a new high-molecular 
weight grade of polyacrylamide only recently introduced. Unusually 
low concentrations of this water-soluble polymer are sufficient to give 
paints excellent spreading, leveling and pigment suspension properties. 
PAM 200 can be dissolved easily in cold water with conventional equip
ment without forming "fish eyes" of undispersed polymer. Warming 
does not affect its solubility. (New Product Development Department) 
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SEWING AND CUTTING ARE MADE EASIER in textiles fin
ished with CYANATEX® 3130 softener. Fibers are lubricated 
and softened to give good drape and a soft, full "hand." 
CYANATEX 3130 is readily dispersed in water and may be 
used in conjunction with many other finishing agents in con
ventional process equipment. It is highly resistant to yellow
ing, free of odor, and does not affect fastness or shade of 
dyed fabrics. (Organic Chemicals Division) 

ESSENTIAL TO BODY CELL PRODUCTION, foZoic acid is receiv
inO' increased attention as a nutritional supplement. Defi
ci:ncies lead to certain types of anemia - a danger pat·ticu
lady present during the highly increased cell production of 
pregnancy. Prenatal diets often call for folic acid in supple
mental form to avoid blood abnormalities in both mother 
and child. Found in liver, yeast and leafy vegetables, folic 
acid is manufactured by Cyanamid for professional use and 
for the manufacture of multivitamin preparations. 

(Fine Chemicals Division) 

THE APPLICATION OF NEW flUID CATALYST 
TECHNIQUES to production of phthalic anhy
dride is well under way at Bridgeville, Pa. This 
new plant has increased Cyanamid's production 
capacity for AERO" phthalic anhydride and is 
yielding an extremely pure grade that is evident 
from the unusual whiteness of the flakes and 
the brilliant clarity of the molten material. This 
new product quality is presented in the recently 
published Cyanamid "P.A." specification and 
typical properties. 
(Industrial Chemicals and Plastics and Resins Divisions) 

*Trademark 

c:: 

AMERICAN CYANAMID COMPANY 
30 ROCKEFELLER PLAZA, NEW YORK 20. N. Y. 

Helping America Make Better Use of Its Resources 

For flllther information on th ese and other chemicals, call, write 01' wire American Cyanamid Company 
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LETTERS 
Sirs: 

I must take exception to Theodore H. 
Ingalls's presentation of the causes of 
congenital deformities [SCIEKTIFIC A:-'I
EHICAK, October]. He says correctly that 
embryos exposed to German measles and 
radiation may be deformed. He provides 
experimental evidence that fish and 
mouse embryos deprived of oxvgen may 
give rise to deformed fish and mice. But 
where is the evidence for the prenatal 
effects of "deep anesthesia and surgery, 
automobile accidents ... and so on"? 
Or the evidence for the statement that 
"we may be able to prevent much blind
ness, mental retardation and cerebral 
palsy ... by seeing to it that pregnant 
women avoid deep anesthesia or severe 
hemorrhage"? And how, at present, can 
we "make inroads into the number of 
cases of mongolism by paying more at
tention to the pregnancies of older 
women"? 'Vhat is known of the effect of 
long airplane flights on the outcome of 
pregnancies? Certainly verv little is 
known from experiments on mice ex
posed to low pressure in chambers simu
lating altitudes of 25,000 to 30,000 feet, 
equivalent to the altitude of the top of 
Mount Everest. Even in mice, do we 
know anything about defects caused by 
exposure to oxygen pressure equivalent 
to 20,000, 15,000, 10,000 feet or less? 

Embryologically speaking, given de
fects originate at specific sensitive peri
ods. "Thatever brings forth malforma
tions can only work by way of develop
mental systems. That holds both for ex
ternal agents and genes. To produce 
cleft palate in mice by drastic environ
mental stress does not explain why 
genetically predisposed mice kept under 
normal conditions bring forth young 
with cleft palate. To my knowledge no 
prenatal therapy has yet prevented the 
development of genetic cleft palate in 
mice-a feat which would have a more 
direct application to prenatal pediatrics 
than the causation of abnormalities by 
excess strain to which few women, if 
any, are exposed. 

The examples of the birth of mongo
loid babies after carbon monoxide poi
soning, automobile collisions and anes
thesia carry little weight by themselves. 
Mongoloid babies unfortunately occur 
at a frequency of about one in 600, so 
that the coincidence of unusual acci-
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dents or treatment with such a birth is 
liktlly to be a matter of chance. Of course 
mongolism is well known to be corre
lated with a non genetic factor, maternal 
age, a fact which offers hope for even
tual prevention. Yet decisive properties 
are inherent in the egg from which a 
mongoloid develops. This is shown by 
the evidence from twins: mongolism 
nearl\" always affects the two partners 
of a one-egg pair of twins, and affects 
alike those from two eggs only rarely. 
Environmental stress to two fetuses in 
the same uterus should affect twins de
rived from two eggs in the same way as 
twins from one egg. But the predisposi
tion of a single egg results in one-egg 
twins, who are both affected, while pre
disposition of one out of two eggs results 
in two-egg twins of which only one is 
defective. 

Ingalls's article also includes material 
which has no direct bearing on his argu
ment. The "fatal blood disease called 
ervthroblastosis" (fortunately, often it is 
not fatal) is due to Rh-gene-controlled 
interactions between mother and fetus, 
and not to independent environmental 
conditions. Blindness caused by the ex
posure of premature babies to excessive 
oxygen pressure is an affiiction acquired 
outside of the mother, not in utero. 

I share Ingalls's belief that prenatal 
therapy has an important future, but I 
do not believe that we yet have any con
trol over the thousands of cases of genet
ically conditioned defective infants who 
are born yearly to parents whose hopes 
can only be disappointed by prema
ture assurances, and who are subjected 
to tragic experiences and unnecessary 
feelings of guilt not by avoidable be
havior but by genetic fate. 

University of California 
Berkeley, Calif. 

Sirs: 

CURT STEHN 

Since it is impossible in a letter of 
reasonable length to take up one by one 
and in detail all the points that have been 
raised, I will restrict myself to high
lights. First, however, let me say that for 
a discussion of evidence which indicates 
that "we may be able to prevent much 
blindness, mental retardation and cere
bral palsy ... by seeing to it that preg
nant women avoid deep anesthesia or 
severe hemorrhage," I refer the interest
ed person to my 30-page article on pre
natal pediatrics published in Advances 

in PediatTics, Vol. 6, 1950. The outlook 
for controlling German-measles-caused 
anomalies alone illustrates how practical 
this kind of approach may be and how 
promising is the outlook. Many of us are 
working toward this goal. 

As for the question about the poten
tial risk of long and high (e.g., trans
oceanic) flights during early pregnancy, 
I quote my answer when the question 
was raised at a parents' meeting on the 
subject of possible causes of mental re
tardation: "Dr. Ingalls was asked 
whether Hying was dangerous during 
pregnancy because of changes in the 
amount of oxygen present in the moth
er's environment. He pointed out that 
cabins are pressurized but felt that short 
flights were on the whole safer than long 
ones, and stressed that the baby in litera 
is able to survive long (by comparison 
with the adult) spells of lack of oxygen. 
It was not the flight per se that was the 
sole consideration, but the additive pos
sibilities of many things working to
gether: influenza, anemia, hypothyroid
ism, varicose veins or heart trouble in the 
mother. There is no reason why a woman 
couldn't have all of these things to
gether. The flight might be 'the straw 
that broke the camel's back' for her, 
whereas her healthy sister might not be 
bothered at all." 

In reply to Stern's query, "Even in 
mice, do we know anything about de
fects caused by exposure to oxygen pres
sure equivalent to 20,000,15,000, 10,000 
feet or less?", the answer is yes. Mura
kami has made such experiments in 
Japan and finds measurable effects from 

Scientific American, December, ]957; Vol. 197, 
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returned IInless accompanied by postage. 
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When you're looking 

lor something special 

The atOmic structure of a special steel has ;t great deal 
to do with its specific properties in service ... how 
well one steel will meet the need for high strength 
and heat resistance in a jet plane for example ... 
how completely other steels will supply corrosion 
resistance, wear resistance, improved magnetic prop
erties, or other desired qualities. 

That's why our development of special steels, and 
such special-property metals as titanium and zir
conium, starts at the atOm. But it continues with the 
equally important job of supplying you with your 
required material in every shape, form, size or quantity 
needed to take the brakes off your design and pro
duction plans. 

Think of Allegheny Ludlum first-both for any new 
development you may need, and for tOp quality in 
your steady-running supply of stainless, cool or 
electrical steels. Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pennsylvania. 

ALLEGHENY LUDLUM 
PIONEERING on the Horizons of Steel 

Warehouse stocks carried by all Ryerson steel plants 

Wswe8e2·A 
Stainless and high-temperature, electrical and tool steels; magnetic materials and sintered carbides 
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"� t' 
IN PARTS LIKE THESE 

KENNAMETAL* 
KSOI 

EQUALS the Noble Metals in 
Corrosion Resistance ... 

BETTERS them in Economy 
and Resistance to Wear! 

Production equipment components like 
the ones shown above are often exposed 
to severe corrosion. 

When the corrosive attack is compli
cated by excessive wear conditions, and 
when contamination of batches must be 
avoided, the designer and plant engineer 
have a real problem in selecting materials. 

Kennametal K501 has proven itself 
an extremely effective and economical 
answer, as it combines a high degree of 
corrosion resistance with unusual wear 
resistance that ends frequent replace
ment, and greatly reduces contamination. 

Extensive tests show no measurable 
weight loss of a K501 after 5 days in boil
ing 5% HN03 and 5% H,,80,. Loss was 
only 74/mg/dm/day in boiling 5% He!. 

Hardness, RA is 91.0 minimum; trans
verse rupture strength is 125,000 psi 
minimum; and, density is 15.10 mini
mum. The material is formed from pow
ders to very close tolerances, and then 
ground to finishes that have proved ade
quate in seal applications demanding a 
flatness of two light bands, and a surface 
roughness of about one micro inch rmp. 

If you have use for valve parts, balls 
and seats, guides, wear rails, slitting and 
cutting parts, non-lubricated guides and 
bushings, metering orifices, sealing rings, 
in applications where corrosion and wear 
are problems, investigate Kennametal 
K501. Just write: KENNAMETAL INC., 
Dept. SA, Latrobe, Pennsylvania. 
·Trademark of a series-of hard carbide alloys of tung

sten, tungsten-titanium and tantalum. C.1361B-A 
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exposures as low as 16,500 feet for five 
hours. Hence my emphasis on the length 
of a flight. 

Such factors as smoking are also in
volved. There is evidence that a con
firmed smoker may start with a disad
vantage of several thousand feet in 
altitude toleration because of an accu
mulation of carbon monoxide in the 
hemoglobin. Even a cabin pressuriza-

. tion equivalent to 8,000 feet is not in
variable in the same sense that plane 
structure is. As I see it, the matter of 
additive hazards is much more to the 
point than the risk of a single hazard 
such as that outlined by Stern. 

As for inhibiting the expression of a 
genetically determined defect, can't 
many of the accomplishments of medi
cine and preventive medicine be so con-
strued? I think that whether "few 
women, if any" are exposed to excess 
strain during pregnancy is beside the 
point. The point is whether their babies 
are occasionally exposed to critical 
stresses which initiate many of the mal
developments not seen until birth. The 
German measles story alone indicates 
that deformities once thought to be in
herited may be acquired. Physicians 
would hardly consider the control of 
German measles a genetic measure. 

I am not sure what pOint Stern is try
ing to make when he advances mongol
ism as if it were of genetic origin and 
says that mongoloid births "unfortu
nately occur at a frequency of about one 
in 600." I look to the day when this rate 
will be lowered significantly. He goes on 
to say that "mongolism nearly always 
affects the two partners of a one-egg 
twin pair." This is a fact; but I do not 
find it difficult to interpret, for identical 
twins share the same intra-uterine milieu 
and are of the same gestational age when 
maternal adversity registers its impact. 
As for controlling mongolism by genetic 
methodology alone, I regard this as a 
pious but wholly unrealistic hope. One 
prominent geneticist came to the con
clusion less than 30 years ago that 
mongolism might be "due to the simul
taneous presence in the germ cell of five 
pairs of recessive factors or two domi
nant and four pairs of recessive factors 
carried in as many different chromo
somes." What does this really mean? 
Granted even that it is correct, what does 
the information hold for mothers of 
mongoloid children, women who may 
give birth to babies in the future, or for 
physicians who are working to amelio
rate the condition or, better yet, to pre
vent it? 

As for the suggestion that some mate-

rial in the article has no direct bearing 
on my argument, I am in only partial 
agreement. For example, the severity of 
genetic ("Rh-gene-controlled") inter
actions are also affected decisively by 
wholly environmental circumstances
prior transfusion of a mother with Rh
positive blood, to name one. I do agree 
with Stern about oxygen-induced blind
ness being acquired after the premature 
baby has been born, and for this reason 
had requested the editors to delete the 
sentence. However, a premature baby is 
no less a fetus merely because.it has been 
born and the editors chose to leave the 
sentence in. 

Finally, I do not believe that obstetri
cians and physicians will concur that 
work of the kind reported raises "un
necessary feelings of guilt." Guilt is no 
more involved than it is when a person 
develops paralytic poliomyelitis; one 
works to avoid the "tragic experience." 

THEODORE H. INGALLS 

Department of Epidemiology 
School of Public Health 
Harvard University 
Boston, Mass. 

Sirs: 
I cannot help suggesting that many 

of your readers may find vastly more 
pleasure and stimulation in Alexandre 
Koyre's new book, Fmm the Closed 
World to the Infinite Universe, than 
James R. Newman's review in your 
October issue would hint. (Is it, for ex
ample, quite fair to describe as "256 
pages, gravid with footnotes," a book in 
which all the notes are collected, to
gether with bibliography, on pages 277 
to 304?) Both my admiration for New
man's work and the kindness with which 
he has described my own The Coperni
can Revolution in the same review 
would normally dictate silence. But 
since my approach to the history of sci
ence owes more to Koyre than to any 
other living scholar, I am both surprised 
and embarrassed to discover that, while 
my book is found to provide "encourag
ing evidence of a fresh turn in the study 
of the history of science," Koyre's ex
emplifies "the orthodox approach" 
from which historians of science are 
urged by Newman to depart. 

THOMAs S. KUHN 

Departments of History and Philosophy 
University of California 
Berkeley, Calif. 
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WHAT IS YO U R A P PLI C A T I O N  F O R  

SYN'THA·MI'CA (SIN·THA·MI·KA) n. [Synthetic mica 1 

Trade·mark of Synthetic Mica Corporation for synthetic mica. 

Chern: Synthetic mica is a fusion of silica, alumina, magnesia 

and alkali fluorides - it can be made chemically pure with a 

wide range of properties for special applications. Physical: (ex· 
ample: Synthamica 202) melting point 1365·C; Specific heat 0.2; 

specific gravity 2.9; Hardness (MOH's) 3.4; transparency -

excellent; Gassing in vacuum at high temperatures - far superior 

to natural muscovite mica; maximum continuous operating temp. 

- 1000·C. Mechanical: SYNTHAMICA is available in crystals, 

powder, sheets and paper·like mats. Potentialities: Taking ad· 

vantage of the control ability of synthetic mica properties, high 

purity and refractoriness Mycalex Corporation of America has 

developed SUPRAMICA* ceramoplastics, made with SYNTHAMICA 

(Synthetic mica) ? 
• 

synthetic mica to produce superior electrical insulators with 

dimensional stability, ability to retain metal inserts molded in 

place, and outstanding dielectric and thermal properties. 

Other possible applications include: fillers for brake linings 

and plastics; welding rod coatings; potting compounds; 

oxygen valves; reflective coatings; high-temperature furnace 

window; very-high-temperoture connectors, high energy nuclear 

applications. 

Because it ;s possible to make a wide range and variety 

01 synthetic micas, properties can be "tailor-made" to fit 

applications. 

Write today for complete technical information - please 

mention your proposed application - our engineering depart

ment will supply samples for your inspection . 

• SYNTHAMICA is a trade·mork of SYNTHETIC MICA CORPORATION, a subsidiary of MYCALEX CORPORATION OF AMERICA. 

• SUPRAMICA is • registered trade·mart of MYCALEX CORPORATION OF AMERICA. 

SYNTHETIC MICA CORPORATION 
a subsidiary of 

MYCALEX CORPORATION OF AMERICA 
CLIFTON BOULEVARD CLIFTON, NEW JERSEY 
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research D1.en 

STEEL DRIVE ROLL 

In yarn-spinning, a loose, comparatively thick strand of fibers called a "roving" is gripped between 
revolving rear rolls and delivered to front rolls which are turning from 12 to 40 times faster. This 
difference in speed draws out the fibers, making a new, uniform strand of much smaller diameter. 
Rubber aprons control the fibers as they bridge the space between the rolls-a qistance of about 
four inches. The thread continues on to a "traveler" (not shown) and spindle which turn at about 
10,000 rpm, giving the yarn the twisting it needs to lock the fibers in place. 

YARN SPINDLE 

� ffi 
� .-
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taught rubber 

In about the time it takes to read this sentence, a set of 

rubber rolls and bands on a modern spinning frame 
can transform an inch of wispy cotton fibers into more 
than three feet of hard-to-break yarn. 

These rubber rolls and bands-textile men call them 
"cots" and "aprons"-do this exacting job by gently 
drawing out cotton fibers that naturally vary in length. 
The long and short fibers are held in place until all can 
be twisted together permanently. These rolls and 
bands look ordinary enough, but they've got some 
highly developed spinning skills built into them. 

The rolls, for example, had to "learn" to resist lap
ups. These occur when a yarn end breaks, sticks to a 
spinning roll, and wraps tightly around it-usually so 
tightly that it must be cut loose. This takes time, and 
there's always danger that the roll will be cut, too. 

For years, the cause of lap-ups was unknown. Then 
Armstrong research chemists found tha't moisture lay
ers on the fibers and rolls contain electrical charges 
that attract fibers to the rolls. After further study, 
these chemists discovered a cure. They added a spe
cial electrolyte to the synthetic rubber used in making 
the rolls. Lap-ups ceased to be a problem! 

Armstrong research men also had to teach spinning 
rolls to resist "eyebrowing." An eyebrow is a clump 
of waste fibers that builds up on the front of the felt
covered clearer board which rests on the spinning rolls 
and wipes them clean. When "eyebrows" form, 
they're apt to fall onto the yarn and break it. Or they 
may be spun into the yarn, making it uneven. 

to 
• 

spIn yarn 

:this time the answer was found by adding particles 
of cork or wood fiber to the synthetic rubber mix. 
These particles act like thousands of tiny fingers, grab
bing the waste fibers and carrying them back under 
the clearer board pads where they can do no harm. 

The rubber aprons that help control the yarn as it 
moves between the rolls also needed a few lessons. 
The outside surface must have enough friction so that 
the bottom apron will drive the top without slippage. 
Yet the inside surface must turn smoothly around a 
nose bar whose radius is ¥I6" or less. The Armstrong 
solution: two different rubber compounds, one for 
each surface, vulcanized together with It nonstretch 
interliner between. This "sandwich" is given a spe
cial chemical bath which conditions the rubber sur
faces so that their frictional properties are exactly 
right for top quality spinning. 

As a result of this research and development, yarn 
is being spun better and more economically than ever 
before. And there's a better than even chance that 
the yam for the clothes you wear was spun on cots 
and aprons "educated" by Armstrong. 

Although originally compounded for use in textiles, Armstrong 
rubber products have found wide use in other fields. The 
rubber rolls are handling web and film materials for many 
industrial firms. And many drive and conveyor belt prob
lems are being solved by seamless, nonstretch Armstrong 
Flat Belts which use much the same construction as that 
patented for Accotex® Aprons. For details, write to Arm
strong Cork Company, Industrial Division, 8212 Inland 
Road, Lancaster, Pennsylvania. 

ADHESIVES 

@mstrong Industrial Products 
CORK COMPOSITION 

CORK-AND-RUBBER 

FELT PAPERS 

FRICTION MATERIALS • • •  USED WHEREVER PERFORMANCE COUNTS 

If yarn breaks after being drawn under a 
spinning roll, microscopically-thin water 
film holds the broken end to the roll
causing a lap-up. Tiny electrical charges 
in the water film actually set up an adhe
sive force, bonding the fiber to the roll. 

As yarn is spun, flat felt-covered clearer 
boards, placed on the spinning rolls, pick 
up waste fibers. But if the spinning sur
face of the roll is not rough enough to 
push ,:;,aste back under the clearers, "eye
brows may form-and drop into the yarn. 

The lapping problem was solved by adding 
an electrolyte to the rubber which neutral
izes the electrical charges in the water film. 
Eyebrowing was ended by mixing cork 
particles into the rubber. These carry 
waste fibers back under the clearers. 

13 
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• Lead Melaniobale 

' •.• (I) A piezoelectric material recently developed 
by General Electric, Lead Metaniobate re
mains remarkably stable over the tempera· 
ture range from -54°C to 265°C, an impor
tant fact in high-temperature instrumenta
tion devices. It displays superior aging 
characteristics compared with other ceo 
ramie piezoelectric bodies. The high Curie 
temperature (570°C) allows repeated heat 
cycling with no effect on electrical output. 

A new series of encapsulated RC networks 
is now available from General Electric that 
replaces a host of individual resistors and 
capacitors. The price saving can be ten 
percent or better. The assembly saving in 
print wire boards-inserting one unit in
stead of five or ten-averages about 67 per· 
cent. Furthermore, this small RC network 
results in a smaller overall assembly, cut
ting board costs. 
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I 
Progress Is Ovr Mosf Imporlilnf Prot/vcf I 

GENERAL ." ELECTRIC r . I 
1 

New stabilized types or general purpose types cost 
up to 35% less, resist breakage and moisture. 

Wejcap capacitors were specially developed to let you realize more '-. 
fully the economy and design advantages of printed boards. They 
are a product of General Electric research into the high density, high 
strength properties of improved barium titanate. They have no leads 
to bend or break, or that require extra time to crimp and align. Ex-
tensive production use proves Wejcap capacitors are practically un
breakable and resist moisture absorption. They are available in 
general purpose types, or in the new stabilized types that maintain 
their value at room temperature to within ± 20% of the nominal 
value. 

How much can you save? Wejcap capacitors cost up to 35% less 
than other capacitors. Production runs show that four Wejcap capaci
tors can be inserted in the time it takes to put in three ordinary 
capacitors. The total cost and assembly savings will be appreciable, 
even if you apply only three Wejcap capacitors to your production 
chassis. . 

Thru-Con* print wire 
bo ards. Now you can design 
a compact wiring pattern on 
both sides of the board with
out the cost of further process
in g to c o n n e c t  t h e m .  T h e  
"Thru·Con®" additive tech· 
nique plates through the holes 
at the same time it plates the 
wiring pattern. This permits 

high·speed dip soldering remarkably free from rejects. No special 
eyelets or pre·cleaning are required. Assembly weight is reduced and 
inventory is simplified. 

Sample Wejcap capacitors and other General Electric components 
-plus technical data-are yours for the asking. Just fill in the cou
pon below. Specialty Electronic Components Dept., General Electric 
Company, West Genesee Street, Auburn, New Y orL 

*Reg,stered trademark of the General Electric Company. 

----------- ..., Manager of Sales, Specialty Electronic Components Dept., 
General Electric Company. West Genesee St., Auburn. New York 

I Please send me complete technical information on 

RC Networks Lead Metaniobate 

Ferrites Wejcap Capacitors 

Thru-Con® Print Wire Boards 

Name ___________________________ Positi0 n ____________ _ 

I 
I 
I 

Company___________________________________________ I 
Address_____________________________________________ I 
City __________________________ Zone _____ State _______ _ 

�A::. __________ .J 
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Save valuable panel space by using Du Mont 
Rectangular Cathode-ray Tubes. These tubes permit 
a larger usable screen area in a given space by elimination 
of seldom-used segments of the circular screen. 

Du Mont Rectangular Cathode-ray Tubes are 
available in electrostatic or electromagnetic types, in a 
wide range of screen sizes, shapes and materials. 
Write for complete technical details ... 

Tube Type Screen Size Focus 

DU MONT B1204 4�" X 2�" Electrostatic 

RECTANGULAR K1206 3�" x 3�" Electrostatic 

CATHODE-RAY B1l67 6" x 71'" Electrostatic 
B1l94 3" x 1�" Electrostatic 

TUBES K1442 6Jr' x 6�f" Electrostatic 

CJ 
Rectangular 
screen for display 
of single, or super
imposed patterns. 

o 
Square screen for 
display of two 
signals on a single 
time base. 

Deflection Max. Anode Voltage length 

Electrostatic 6KV 17�" 
Electrostatic 6KV 12" 

Electromagnetic 12KV 10" 
Electromagnetic 16KV lO�'" 
Electromagnetic 35KV 12%6" 

INDUSTRIAL TUBE SALES, ALLEN B. DU MONT LABORATORIES, INC., 2 MAIN AVENUE, PASSAIC, NEW JERSEY 
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REGA 
10-30 
Designed to answer the 

need for an economical, 

versatile, safe 

research reactor of 

sufficiently high 

power to perform useful 

research in the nuclear 
energy field. Unique 

horizontal and vertical 

thermal columns 

enhance its utility. 

TRIGA 

IRGA 

Designed for custom 

production of 

radioisotopes, including 

the short-lived, at 

user's site of operation. 

Simple in concept and 

safe in operation, this 

10 kw, isotope-producing 

reactor allows continuous 

or intermittent 

operation without special 

staff attention. 
Can be operated 

at 10 kw steady state, 

and intermittently 

up to 30 kw. 

A training, research, 
and isotope-producing 
reactor, specially 
designed to permit a 
complete on-campus 
training and research 
program. Inherently 
safe, this 10 kw, 
multi-purpose reactor 
meets the needs of 
university departments 
working in various 
areas of nuclear 
science. Custom 
isotope production 

Economical through safety. 

it opens the door to 

savings - particularly 

for on-campus or 

for industry - through 
radioisotope applications. 

local service use. 

Me"" UZrH Core Provides Inheren'l Safe'ly 

In Three Ne",,· General A'iolinic Reac'lors 

The solid homogeneous UZrH system, invented, devel
oped and tested by the John Jay Hopkins Laboratory for 
Pure and Applied Science, is a new core concept that 
provides inherent reactor safety. The prompt, negative 
temperature coefficient of the system allows all avail
able excess reactivity to be introduced suddenly with-

CENERAL 

out damage to the reactor. Inherent reactor safety is 
achieved through the new UZrH fuel elements which 
have metallic properties. REGA, TRIGA, and IRGA, 
the three new General Atomic reactors using this core, 
can be operated at useful power density and do not 
rely upon electronic-mechanical devices for safety. 

ATOMIC 
DIVISION OF GENERAL DYNAMICS CORPORATION 

SAN DIEGO 12, CALIFORNIA 

Research, development and production in the nuclear field • Basic research in the sciences 
Advanced fission power systems · Controlled thermonuclear research • Research and isotope reactors 
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Behind 

and testing laboratories 

These laboratories use the finest 
scientific instruments and equipment. 
Here Ohmite products are tested and 
retested under the most grueling con· 
ditions to detect possible sources of 
trouble. These same laboratories are 
used for the develo pment of new 
materials, new processes, and new 
designs ... to build the utmost reli· 
ability into Ohmite products. 

LOAD TESTING 
This power panel provides AC or 
DC in a wide range of currents, volt· 
ages, and frequencies • • • permits 
testing Ohmite products under operat· 
ing conditions. 

BASIC RESEARCH 
Metallographic equipment is available 
for microscopic analysis of structure. 
X.ray Diffractometer and Spectrometer 
equipment are also used for the de· 
termination of crystal structure. 

Rheostats • Resistors • Relays • Tap Switches 
Tantalum Capacitors • Variable Transformers 

OHMITE MANUFACTURING CO. 
3609 Howard Street. Skokie. Illinois 
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50 AND tOO 
YEARS AGO 

DECEMBER, 1907: "With the death 
of Lord Kelvin on the 17th of December, 
in the 84th year of his life, there was 
ended a career full of usefulness to man· 
kind. William Thomson, Rrst Baron Kel
vin, was born in Belfast on the 26th of 
June, 1824. His scientiRc education com
menced at the age of 10, for in 1834 he 
was a matriculated student of Glasgow 
University, in which his father was pro
fessor of mathematics. In 1846 he was 
made professor of natural philosophy at 
Glasgow, serving in that capacity for a 
space of over 50 years. From 1857 to 
1858, and from 1865 to 1866, he acted 
as electrician of the Atlantic cables, in
venting in this capacity" the mirror gal
vanometer and the siphon recorder, 
neither of which, it is interesting to note, 
he wished to patent, desiring to give 
them to the world as a physician gives 
his discoveries. In 1892 he was made a 
baron, because of his services to man
kind. The scientiRc achievements of this 
remarkable man are largely in the nature 
of inventions; in them mechanical com
plexity is notably absent, owing to re
markable grasp of the underlying theo
retical principles." 

"The American minister at Stockholm 
has advised the State Department that 
the Nobel prize for physicists has been 
granted to Prof. Albert A. Michelson. 
Prof. Michelson is head professor of 
physics in the University of Chicago, of 
which faculty he has been a member 
since its founding in 1892. His Rrst 
notable invention was an instrument for 
measuring the velocity of light, for an 
improved method of which he has now 
received the Nobel prize. He is also the 
inventor of a spectroscope that has a 
higher resolving power than any other 
instrument in use, and of several instru
ments for measuring distance by means 
of light waves. One of his most famous 
inventions is an interferometer that not 
only measures light waves but counts 
them as well." 

"No one at home or abroad has shown 
so much energy in the solution of the 

questions of high-speed air and water 
navigation as Santos Dumont. The 
rapidity with which he changes from ex
perimentation with an aeroplane to 
skimming the water with a hydroplane, 
and then back again to an aeroplane, is 
truly amazing. The latest aeroplane, 
which is Santos Dumont's 19th machine, 
is the lightest and simplest flyer which 
he has thus far produced, which ac
counts for its rapid construction in two 
weeks' time. 'No. 19' is a monoplane 
made up of two wings set at a dihedral 
angle. It has a double-opposed-cylinder 
gasoline motor of the air-cooled type, 
designed and built in 10 days by the 
engineers of the Duteil and Chalmers 
Company of Paris. The gasoline tank is 
very small. It holds one liter (about a 
quart). M. Dumont was well satisRed 
with the trial flight, about which he 
spoke: 'I had the aeroplane well under 
control, and never had such a sense of 
security, even in my airships. The flight 
was stopped by a somewhat curious ac
cident, that is, a lack of gasoline.' " 

"The past season of the British School 
of Archaeology in Egypt, the work of 
which has been carried out under the 
direction of Prof. Flinders Petrie, has 
been of unusual value. It resulted not 
only in bringing to light more evidences 
of the earliest eras of Egyptian civiliza
tion, but it also demonstrated the prev
alence of this civilization over a wide 
tract of country. At Rifeh, near Asyut in 
Upper Egypt, a large cemetery was ex
cavated which contained a unique series 
of 'soul houses'; little models of resi
dences which were placed upon the 
grave for the accommodation of the lib
erated soul." 

DECEMBER, 1857: "An interesting 
paper was recently read before the 
Academy of Sciences in Paris on an ex
pedition sent out to the East Indies in 
1854, by the King of Prussia, for scien
tiRc purposes. The members of the ex
pedition consisted of three brothers, 
namely, Hermann, Adolphus and Robert 
Schlagentweit. The highest of all the 
summits known throughout the world 
appears by the measurements of Her
mann Schlagentweit to be the Gahoori
schanke, situated in the eastern portion 
of Nepaul-the same announced as such 
by Colonel Waugh, but called by him 
Mount Everest, because he had been 
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Thermo-compression bonding-

One method of thermo-compression bonding. 

A heated wedge presses a wire against a 
heated semiconductor with enough force to 

deform the wire. Adhesion occurs in seconds. 

Thermo - compression bonding 

provides a new way to attach a 

wire to a semiconductor. It calls 

for heat and pressure-nothing 

else. The wire and the semicon

ductor are moderately heated, 

then pressed together under mod

erate pressure. The resulting bond 

is very strong-stronger actually 

than the wire. No chemical flux 

or molten metal is required. 

Eliminating molten metal pro

vides an enormous advantage in 

fixing electrical connections to 

transistors. That's because molten 

metal tends to spatter and spread 

uncontrollably over the surface of 

Wire bonded to germanium by thermo.compression technique (enlarged). 

Wires only 1/10 the breadth of a human hair have been successfully 

anchored to germanium wafers only three hairs thick. The bond may be 

an ohmic contact or rectifying contact by adding suitable impurities to the 

wire and the semiconductor. 

new way to join metal to semiconductors 

a semiconductor. And it may alloy 

with the semiconductor to alter its 

all-important crystalline structure 

and chemical purity. Thermo

compression bonding easily and 

quickly makes a strong permanent 

electrical connection without 

damaging the semic onductor. 

Furthermore, the lead may be at

tached to microscopic areas and 

precisely positioned, a most valu

able aid in the c onstruction of 

high-frequency transistors. 

Thermo - compression bonding 

will speed the production of tran

sistors . . . the transistors needed 

to fill all the new jobs Bell Lab-

oratories finds for them in the quest 

to provide still better telephone 

service to our growing country. 

At Bell Labs Howard Christensen and Orson 

Anderson discuss their discovery of new bond

ing principle with Peter Andreatch, Jr., who 

collaborated in the studies. 

BELL TELEPHONE LABORATORIES 

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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The Variable Thrust Rocket Engine 
by Harry W. Burdett, Jr. 

As Advanced Design Engineer in RMl's Pre
liminary Design Department, Mr. Burdell 
directs investigations of advanced propulsion 
concepts. For 12 years he has pioneered rocket 
propulsion beginning with the RMI engine used 
in the Bell XS-I, the world's first supersonic 
airplane. Holder of many patents, he received 
his engineering education at New York Univer
sityand The City College of New York. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Variable thrust rocket engines are required for future satellite 
vehicles, ballistic and guided missiles where extremely accurate 
trajectory is attained by vernier control. They are also indicated 
for piloted aircraft due to the need for gradual acceleration. 

Basic design considerations and the relationship between re
liability, complexity and functional safety must be resolved. It is 
desirable to achieve thrust variation without losing efficiency 
(i.e. specific impulse) or violating heat transfer limitations which 
would result in chamber liner or nozzle burnout. 

This article reviews only specific impulse considerations: 
F 

Eq. (1): Isp=W p 
. . ( 1 b thrust ) 

where: Isp = specIfic Impulse 
1 b/ I II fl sec tota prope ant ow 

F = thrust (Ib) 
W p = total propellant flowrate (1 b/sec of fuel plus oxidizer) 
Thermodynamic theory for an isentropic (rocket) flow process 

shows that thrust (F) may be expressed as a function of nozZle 
throat area (At), combustion pressure (Pc), exhaust pressure, (Pe) 
and the isentropic exponent (k)-which for perfect gases is also 
the ratio of the specific heats (cp/cv); thus, Eq. (2): 

= J� ( _2_ ) (k + l)/(k-I)[
l -

(�)(k-I)/kJ F At Pc 
k-I k+1 Pc 

To maintain maximum Isp over the throttling range as Wp is 
varied by the thrust control device, we must maintain the ratio 
F/Wp constant (Eq. 1). In the case of a fixed chamber geometry, 
variation of W p causes a corresponding variation in F which is 
not directly proportional because of the relations involving 
Pe/Pc described in Eq. (2). Although the value of k is virtually 
constant, there is a basic need for constant Pe/Pc which would 
then permit Eq. (2) to take the form; Eq. (3): F = At Pc (C) and 
therefore thrust would vary directly with Pc. 

Since Pc is directly proportional to Wp, we now have a direct 
theoretical basis for maintaining constant Isp over the throttling 
range. Also, by inspection of Eq. (3), it can be seen that by holding 
Pe/Pc constant as before, and holding Pc constant, but varying 
nozzle throat area (At), we may also achieve variable thrust with 
no theoretical loss in Isp. 

Practical application of these principles takes one of two forms: 
1. Variable area nozzle throat (usually by means of a nodule) 

maintaining constant Pc and varying throat area in proportion 
to Wp• This applies to use of the rocket chamber in the rela
tively dense atmosphere where values of Pe/Pc are relatively 
susceptible to large changes due to Pc variation. 

2. Constant physical geometry of the chamber-nozzle in vacuum or 
near vacuum where Pe/Pc is virtually constant (i.e. zero) regard
less of variations in Pc with Wp, because Pe itself is zero. 

(Secondary effects of the difference between exhaust gas nozzle 
exit pressure, Pe, and ambient pressure have not been included.) 

Reprints of this article are available from 
RMl's Information Services Department. 

RMI REACTION MOTORS, INC. 
DENVillE, NEW JERSEY 

unable to ascertain its real name in the 
plains of Hindostan. This peak is some
what more than 29,000 feet in height. 
The other two brothers, Adolphus and 
Robert, penetrated by different roads 
into the central parts of the Himalaya, 
Kumaon, and Gurwahl; they then visited 
Thibet in disguise, and ascended the Ibi· 
Gamine, 22,260 feet in height, that be
ing, we believe, an altitude never before 
attained in any part of the world." 

"We learn from the London Times 
that extensive preparations are now 
being made for laying the Atlantic cable 
next year, and that the attempt will take 
place in the month of June. It seems that 
the very kind of machinery for laying 
the cable which we recommended as 
essential to its success is being construct
ed. The paying-out machines are espe
cially contrived to guard against the 
strain on the cable caused by the sud
den pitch of the vessel, and also the 
brake on the wheels will be perfectly 
self-acting and so made that it will be 
impossible to place upon it more than 
about one third of the strain which the 
cable can safely be relied upon to bear." 

"Capt. Meigs says that the ventilation 
of the new Senate Chamber at Wash
ington will be improved by a steam fan 
which he is now preparing, and which is 
capable of throwing 90,000 cubic feet of 
air into the hall per minute. It will pro
vide a complete renewal of air in the 
Chamber every five minutes, as the 
cubic capacity of the room is not over 
460,000 feet. No amount of Congres
sional corruption can contaminate such 
a torrent of purity as this." 

"No object-glasses of a larger size than 
seven inches diameter have been made 
of glass manufactured in England; and, 
notwithstanding the success of some 
Continental opticians, the procuring of 
Hint-glass fit for object-lenses of a larger 
size seems to be still, in a considerable 
degree, a matter of accident. There is a 
telescope in the Russian observatory at 
DOl'pat having an object-glass of nine 
inches diameter. Another was prepared 
for the King of Bavaria, of 12 inches 
diameter. The object-glass of Sir James 
South's large telescope is nearly 13 
inches in diameter, and was executed in 
Paris of glass manufactured by Guinaud. 
The practical difficulties of forming a 
good achromatic object-glass for a tele
scope of large size are so great that it 
often costs more than all the rest of the 
instrument. This arises principally from 
the extreme difficulty of procuring disks 
of Hint-glass above a certain size." 
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Photo courtesy Blackman Plastics Company, Culver City, California, and Charles Crowl Company, EI Monte, California 

Here's the hottest thing in flame-resistant plastics 

It's a new plastic alloy and the latest answer to the need for an improved, 
flame-resistant, rigid plastic sheet for aircraft, automotive and industrial 
applications. 

Among the advantages of this new material are its abilities to be made trans
lucent and considerably lighter in weight than similar materials. It also 
exhibits greater impact resistance plus higher tensile strength and a high 
heat-distortion point. And it is post-formable and mechanically workable. 

A closely guarded secret is the exact composition of this alloy. But it has been 
described as a unique combination of vinyl and styrene resins. It also has been 
revealed that PLIOVIC is the vinyl resin used. PLIOVIC was chosen 
because of its uniformity, rapid processing and the superior 
physical properties it imparts to the end product. 

Just one of the many uses for the several types of 
PLIOVIC currently available is flame-resistant sheet. 

Where can you use them to advantage? For details 
write to: Goodyear, Chemical Division, Dept. L-9457, 
Akron 16, Ohio. 

Chemigum, Pliof!.ex, Pliollt,C!, Pliovic-T.M.'s The Goodyear Tire & Rubber Company, Akron, Ohio 
DEPARTMENT 

CHEMIGUM • PLIO FLEX • PLIOLITE • PLIOVIC WING-CHEMICALS 
High Polymer Resins. Rubbers. lotkes and Related Chemicals for the Process Industries 
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ADVANCED 

MATERIALS 

TECHNOLOGY 

� The New Science of , Materials for Profits 

A PUBLICATION BY CARBORUNDUM 
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CARBORUNDUM, NIAGARA FALLS, N. Y. 
Research & Development Division, Dept. 5 

. Genllemen: . " " 
• " . 

Please slarl my free subscriplion 10 ADVANCED 
MATERIALS TECHNOLOGY wilh your currenl issue. 

. . . " Name _____________________ __ " . " " Position ______________________ _ 
o 

SEND COUPON FOR YOUR FREE SUBSCRIPTION TO: ". Firm ____________________ _ . 
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Cily, _______________ _ 
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o A NEW Carborundum publication of 5Iale ____ __ 
o 

o " 

news and ideas for all concerned with 
advanced materials for profits to industry 
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Almost every industry faces barriers raised by the limitations materials and manufacturing methods. 

of conventional materials. With some-aviation, for example Carborundum is publishing Advanced Materials T ech-

-the hypersonic speeds of intercontinental missiles have 

meant finding materials capable of withstanding tempera-

1�ology as an aid to all whose work demands materials and 

processes for severe service applications. It will be published 

quarterly. This publication-the first devoted exclusively 

to advanced materials and techniques-will prove invaluable 

in providing a new dimension in materials for profit. 

tures of more than 10,000 degrees F. In other industries, 

like chemical processing, the urgent demand for corrosion 

resistant materials continues. In still other industries, the 

problems of abrasion, neutron transparency and the need for 

special properties have stimulated the search for advanced 

This new service by Carborundum is offered to you with-

out charge in the belief that it fills a definite need. AM·l 

WHAT HAPPENS 
AT MACH 111 

The artist's conception at left shows 

a dramatic test Simulating what hap· 

pens to materials moving at speeds of 

Mach 11. It is based on the actual 

photos above of samples of 304 Stain· 

less Steel (top) and KT Silicon Carbide 

exposed to a high intensity electric arc 

in a wind tunnel. The intense heat due 

to air friction causes melting of Stain· 

less Steel, while KT Silicon Carbide 

retains both its �ape and basic 

characteristics. 

Typical departments in each issue will include: 

1. New Developments . . .  new products of 'particular interest to a wide cross·section of 
industry will be featured in each issue. These developments will include materials 

resistant to heat, corrosion, abrasion and other destructive conditions, with wide 
potential application throughout industry. 

2. A "look ahead editorial" authored by General Leslie E. Simon, Vice President and 

Director, Research and Development Division of The Carborundum Company, will talk 
about the future of research, today and tomorrow, at Carborundum. 

3. Materials Symposium . . .  An exchange of ideas feature designed to encourage reader 
participation. Essentially a problem and solution treatment. Designed to provide maxi
mum benefit to all industry. 

4. New Product Spotlights . . . A capsule treatment of new products and new applications 
for old products of widespread interest to almost every segment of industry. 

5. An "Ask the Man from Carborundum" department devoted to highlighting the service 
availability and practical "know-how" of the Carborundum technical man in the field. 

CARBORUNDUM 
Registered Trade Mark 

.... • • • • 
.' .. o 
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HEAT • WEAR • CORROSION 

HAYNES Alloys solve the 

'" 

HEAT 
10 Years' Service at 1600 to 

1800 deg. F. 
Rotors and impellers made of MULTIMET 
alloy are being used to circulate the at
mosphere inside heat-treating furnaces 
where temperatures range from 1600 to 
1800 deg. F. They are expected to last 10 
years even though they are exposed to 
both reducing and oxidizing conditions. 
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tough problems 

EROSION 
Withstands High Velocity Erosion 

for 19 Years 

�� 
�\ �� 

�\� 
,(, 

\' , 
' 

, 
. � � 

1'. .2 

Blading at the cold end of steam tur
bines spins at speeds approaching that 
of a high speed bullet. At these high 
velocities even small water particles 
can cause rapid wear on most metal 
parts. Yet when the leading edges of 
these blades are protected by a 27-in. 
strip of HAYNES STELLITE alloy, they 
remain in operation up to 19 years! 

"'it - ��.� "1 � � 

t�1'" . 

HAYNES alloys give long, dependable 

service under some of industry's tough

,·est conditions. They operate for long per

.
;
iods of time at temperatures up to 2000 

,�deg. F; they resist the severe corrosive 
, 

action of many chemicals; and they with-

stand the wearing effects of abrasion and 
erosion. 

There are over 100 HAYNES alloys-a 

wide selection that practically guaran
tees you a tailor-made solution to your 
heat, abrasion, or corrosion problems. 
Many of these alloys are available as 
sheet, plate, bar stock, tubing, wire, sand 
castings, investment castings, welding 
rods, hard-facing rods, and metal-cutting 
tools. 

For complete details on properties, 
prices, and forms, write for literature, or 
contact our nearest sales office ... HAYNES 

STELLITE COMPANY, Division of Union 
Carbide Corporation, Kokomo, Indiana. 

Sales Offices in Chicago, Cleveland, De
troit, Houston, Los Angeles, New York, 
and San Francisco. 

Resists Chlorine Compounds 
at 300 deg. F. 

Vessels lined with HASTELLOY alloy C last from 2 to 4 years 
while handling such severely corrosive media as hydrochloric 
acid, tri-chlor benzene and other chlorine compounds. Because 
of the unusual resistance of HASTELLOY alloy C to a variety 
of corrosives, it is widely used in the Petroleum, Chemical 
Processing, Metalworking, and many other industries. 

A. ... ... O......"s 
HAYNES STELLITE COMPANY 

Division of Union Carbide Corporation 
Kokomo, Indiana 

UMultimet," "Hastel1oy," "Haynes," and "Union Carbide" 
are registered trade-marks of Union Carbide Corporation. 
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take 
it 
• 

In 
color 

and you put Synthane laminated plastics to work 

Slide for cuI fllm holder-made from Synlhane 

sheet because Synlhane is opaque 10 infra. 
red rays. 

At first glance the connection between 
color photography and Synthane lami
nated plastics may seem obscure. Ac
tually, Synthane has long been at home 
in the manufacture and processing of 
film and in the developing of the 
finished picture. 

Many types of rolls, loop sticks, and 
structural parts made of Synthane are 
used by the film manufacturer. Racks, 
film sprockets, reels and rollers em
ploy Synthane in developing proc
esses. In the infancy of color pictures 
(and ever since), racks and reels made 
of Synthane proved to be exactly what 
were needed to resist developing solu
tions, prevent film fogging through 
contamination. Film holder slides and 

CHEMICAL RESISTANCE LIGHT WEIGHT 

various parts for cameras are other 
uses of Synthane in photography. 

The photographic industry needs 
Synthane for its unique combination 
of properties. Resistance to moisture 
and chemicals, non-fogging qualities, 
its hard, smooth surface are all impor
tant characteristics. Synthane is tough, 
light in weight (half the weight of 
aluminum) and easily machined. These 
and many other chemical, electrical 
and mechanical properties make Syn
thane valuable throughout the length 
and breadth of industry. 

Over 30 grades in sheet, rod or tube 
form or completely fabricated by us are 
looking for work with you. Write for 
information. 

EASILY MACHINED MECHANICAL STRENGTH 

[SYN1llANi[] . . . industry·, unseen essential 

� 
SYNTHANE CORPORATION, 2 RIVER ROAD, OAKS. PA. 
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• It certainly IS a small world I 
• 

turning pOint 
of modern 

industry 
1908-1958 

Aircraft and missiles are shrinking our world! And as 
speeds and distances increase, component guidance parts 
become smaller. Yet, accuracy and reliability must reach 
new highs. For this reason New Departure's complete line of 
miniature instrument ball bearings is of great importance 
to leading aircraft and missile manufacturers. And 
deservedly so! For every step of ultra-precise manufacture 
... from initial research to final packaging in surgically 
clean surroundings . • • assures performance to fill the 
most exacting need. 
If your engineering problem is dimensionally small, call 
on the services of a New Departure ball bearing 
engineer. He has the complete facts on miniature ball 
bearings at his fingertips. 

4 �� GrvI � . � 
�I\\� FORWARD FROM FIFTY 

NEW DEPARTURE ' DIVISION OF GENERAL MOTORS. BRISTOL. CONN. 
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¥ Magnetic Circuit Design: 

" _ 1 + � (K. X 1.7 U. +
0

,- + 
I A. a ... 

K. X 1.4 b -YU. + .25 + K, X .5U, ) 
c 

<.>tt� 
Leakage flux 
computation 
is simplified 
Dimensions and only 
two constants needed 
Computing even approximate 
values for leakage flux in mag
netic circuits is a time-consum
ing job. Indiana Steel recently 
undertook to simplify these 
computations in a study sup
ported by the U.S. Air Force. 
Dr. R. K. Tenzer has reported 
the results of this work. 

The new method requires only 
the physical dimensions of the 
soft steel and permanent magnet 
parts in the circuit, and two 
rules for using two constants, 
1 and .67. Result: Savings in 
time of computation up to 90%; 
accuracy ± 10%. 

Simplifying permeance and 
magnetomotive force computa
tions resulted in the general 
equation shown above that can 

, easily be modified to fit each of 
the three types of generalized 
magnetic circu its. 

A more complete discussion , 
of the general equation and its 
applications is available in the 
full report to be found in the 
April-June issue of Applied 
Magnetics. Write to Dept.I·12. 

THE INDIANA 
STEEL PRODUCTS COMPANY 

� VALPARAISO, INDIANA 

INDIANA 
PERMANENT 
MAGNETS 

'� World', large,t manulacturer 
01 permanent ma9net, 
IN CANADA: 

The Indiana Steel Products Company 
of Canada limited, Kitchener. Ontario 

THE AUTHORS 

FRED L. WHIPPLE and J. ALLEN 
HYNEK ("Observations of Satellite 
1") are, respectively, director and as
sociate director of the Smithsonian In
stitution's Astrophysical Observatory in 
Cambridge, Mass. Whipple, who also 
is chairman of Harvard University's de
partment of astronomy, was born at Red 
Oak, Iowa, in 1906. He joined the Har
vard astronomy staff in 1931, after ac
quiring a Ph.D. at the University of 
California. During World War II he won 
a Presidential certificate of merit for 
work in the Radio Research Laboratory 
of the Office of Scientific Research and 
Development; he has received medals 
for independently discovering six comets 
and for his pioneer work in photograph
ing meteors. His hobby is growing roses. 
Hynek comes to the Smithsonian Ob
servatory from Ohio State University, 
where he was professor of physics and 
astronomy and astronomer of the Per
kins Observatory. An expert on stellar 
spectroscopy, he was born in Chicago 
and received a Ph.D. in astrophysics 
from the University of Chicago in 1935. 

WILLIAM J. L. SLADEN ("Pen
guins") became medical officer of a Brit
ish Antarctic expedition shortly after 
graduating from the Middlesex Hospital 
of the University of London. While he 
was a student he saw wartime service on 
an ambulance train and as casualty offi
cer and house surgeon in London hospi
tals. At the University of London, where 
Sladen held a full scholarship, he broke 
records in cross-country running, cap
tained several running teams and was 
chairman of the Athletic Union. In the 
Antarctic he was physician to members 
of the expedition, served as postmaster 
and justice of the peace, collected birds 
and plants, produced three educational 
films which have since circulated all over 
the world, and under primitive condi
tions carried out experiments in bac
teriology which later earned him a doc
torate in medical research from his Uni
versity. In 1955 Sladen acquired another 
doctorate from the University of Ox
ford, where he did research on penguins 
under David Lack. He then married a 
University of London entomologist and 
came to the U. S. as a Rockefeller Fel
low at the Johns Hopkins University. 

IRVINE H. PAGE ("Serotonin") 
shared in the discovery of serotonin at 
the Lilly Laboratory for Clinical Re-

search in 1946. Born in Indianapolis, he 
studied chemistry and earned an �I.D. 
at Cornell University, then interned in 
a New York hospital before going to 
Germany in 1929 to head the chemical 
division of the Kaiser Wilhelm Institute 
in Munich. After several years at the 
Rockefeller Institute for Medical Re
search, Page became director of the 
Lilly laboratory and clinic in 1937. Since 
1944 Page has directed research at the 
Cleveland Clinic Foundation. In his 
spare time he plays tennis and "writes 
articles for people like Scientific AmeTi
can." 

RICHARD F. POST ("Fusion Pow
er") is a physicist as the Radiation 
Laboratory of the University of Cali
fornia. Born in Pomona, Calif., he 
attended Pomona College. During 
World War II he served in the Naval 
Research Laboratory, where he won a 
Meritorious Civilian Service Award for 
his work on underwater sound. In 1950 
he received a Ph.D. from Stanford Uni
versity. He has been connected with the 
University of California since 1951. 

J. E. WECKLER ("Neanderthal 
Man") is chairman of the anthropology 
department at the University of South
ern California. He was born on an Iowa 
farm, raised in a Chicago suburb and 
graduated from the University of Chi
cago in 1928. For six years during the 
depression he worked for a Chicago 
manufacturer. He then returned to the 
University as a graduate student, in
tending to become an archaeologist. But 
contact with the cultural anthropologist 
A. R. Radcliffe-Brown led him to study 
modern communities instead. In 1940 
he took a doctorate in anthropology at 
Chicago, and in the following years he 
investigated a Spanish village in New 
Mexico, studied race relations in Los 
Angeles and examined the social life of 
Micronesians. Weckler's research on Ne
anderthal man represents a return to 
his first love-archaeology. Teaching an 
elementary anthropology course made 
him realize the need to bring some order 
into the confuSing array of fossil men 
and prehistoric sites, and the simple ex
planation that he devised for his stu
dents-the result of several years of 
careful study and thought-are here pre
sented to the general reader. 

PHILIP and EMILY MORRISON 
("Heinrich Hertz") are a husband-and
wife team who have collaborated on sev
eral previous articles for SCIENTIFIC 
AMERICAN, the most recent being "The 
Strange Life of Charles Babbage" in the 
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a quick check of indent-depth tells you 
this electrical connection is safe! 

There's no way to check a soldered connection-without destroying 
that connection! The modern Burndy crimping method affords 
a quick check for electrical and mechanical safety-simply by 
measurement of this depth of indent. The cross-section view (right) shows 

how this indent is designed to coin conductor and connector 
into intimate contact ... for a strong connection, as electrically sound 
as the conductor itself. And the depth of indent is controlled 
by the installation tool! Unlike solder which can weaken at high 
temperatures frequently encountered by modern equipment, the Burndy 
crimped connection with its wide tolerance endures in all environments. 
Too-Burndy electrical connections get rid of human error-no skill or 
training is required. The control is engineered into the connector and 
the tool! Put a crimp on rising production costs !-send for the full story 
on Burndy crimp-type connections, today! 

first piece check 

production run 
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How 

PHILeO 
protects transistor quality 

with 3.0 
MICRO-VISION 

From quality control on automated assembly 

lines to final inspection, Bausch & Lomb 

Stereomicroscopes assure precision 

production at the Lansdale Tube Company, 

Division of Phi1co Corporation. Inspectors 

see clear, sharp magnified views of tiny 

transistor components barely visible to the 

unaided eye. Work is seen right-side-up, in 

natural 3-dimensional relief. Freedom from eyestrain 

and discomfort increases efficiency. The result: pre
cision standards that assure distortion-free sound 

in Philco-equipped transistor radios ... speed 
and reliability in Phi1co-equipped computers. 

MAIL COUPON TODAY FOR VALUABLE 

3-D MICRO-VISION DATA BOOK 

r-------
BAUSCH & LOMB OPTICAL CO. -- -, 
"424 ST. PAUL ST., ROCHESTER 2, N. Y. 
"ease send me Stereomicroscope Monuol 0-15, 
1ncluding actual stereo views, how and where to 
use stereo microscopes, and Setedor·Chort which 
fits exact model to specific job need ... 

I 
I 
I 

NAME ________ • _________________________________________ ----------------------- I 
TlTLE __________________________ ---------------- --------- --------------------- I COMPANY ____________________________________ ______ . .  __________________ .. . 

ADDRESS __ .................... __ ....................... __ ................... 
I America"s only complete optical source ... from ,lass to fjnished product. - I CITY ..... :: ............. __ ................ . ZONE ........ STATE......... ·1 

L ___________ ...J 
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issue of April, 1952. In addition an arti
cle by Philip Morrison entitled "The 
Overthrow of Parity" appeared in SCIEN
TIFIC AMERICAN for April, 1957. He is 
associate professor of physics at Cornell 
University and a former student of J. 
Robert Oppenheimer at the University 
of California. 

REIDAR F. SOGNNAES ("Tooth 
Decay") does his pioneer work on teeth 
at the Harvard School of Dental Medi
cine, where he is associate dean and 
Charles A. Brackett Professor of Oral 
Pathology. Born in Bergen, Norway, he 
received his dental surgeon's license 
summa cum laude from the University 
of Oslo in 1936. He then joined a Nor
wegian scientific expedition to the tiny 
South Atlantic island of Tristan da Cun
ha, whose natives have extraordinarily 
good teeth. This experience was de
scribed by Sognnaes and W. E. Chris
topherson in their book Tristan da Cun
ha, the Lonely Island. Later Sognnaes 
came to the U. S. where as a Carnegie 
Dental Fellow he obtained a Ph.D. from 
the University of Rochester in 1941. He 
spent the war years as a dental officer 
with the Royal Norwegian Air Force in 
Canada and Europe, joined the Harvard 
staff in 1945 and became a naturalized 
U. S. citizen in 1951. An article by 
Sognnaes entitled "The Skin of Your 
Teeth" appeared in SCIENTIFIC AMElU
CAN for June, 1953. 

N. J. BERRILL ("The Indestructible 
Hydra") is Strathcona Professor of Zo
ology at McGill University in Montreal. 
His interest in biology was aroused dur
ing his school and college days in Eng
land, when he spent vacations along the 
estuaries of Devon and Cornwall; in 
fact, he confesses that "I like maritime 
life and work with marine organisms in 
order to be at the coast, rather than be
cause of a special concern with marine 
biology as a science!" Berrill, who is a 
graduate of the universities of Bristol 
and London and a Fellow of the Royal 
Society, has taught at McGill since 1927; 
nowadays he takes his seaside vacations 
at his house at Boothbay Harbor, Me. 
He has written a number of books for 
the general reader, including Sex and 
the Nature of Things and Man's Emerg
ing Mind. 

ERNEST NAGEL, who reviews C. 
Spencer Brown's Probability and Scien
tific Inference in this issue, is John 
Dewey Professor of Philosophy at Co
lumbia University. Nagel's essays were 
recently brought together in a volume 
entitled Logic withou.t Metaphysics. 
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STEAM 

PUMP 

Simple, low-cost plants are the key to power from the atom at a competitive 
price. Sooner than you think, nuclear reactors may be as simple as a steam 
boiler. That's why the future of cheap atomic power looks more promising. 
Optimism is based on new test results with Monsanto functional fluids . • •  

Blood for the 
• 

VeInS of nuclear reactors 

"Burning" fuel in the core of a 
nuclear reactor-theoretically-is 
as easy as firing coal in a furnace. 
The hard, practical problem has 
been to capture heat from the 
reactor and transfer it at low cost 
to a steam generator. Now, new 
test results with Monsanto syn
thetic fluids indicate that organic 
chemicals can transfer heat more 
economically than other materials. 

Unique properties of these syn
thetics from Monsanto's store
house of functional fluids break 

. the barrier to lower costs in re
actor construction. Their low 
vapor pressure at high tempera

tures eliminates the need for high
pressure equipment. Since they 
do not corrode common construc
tion materials, suc� as mild steel 
and aluminum, costly metals are 
not required in equipment. And 

because these orgamc fluids do 

not emit gamma radiation even 

while under neutron bombard

ment, thick secondary shielding 

is unnecessary for safety. 

Work by Atomics International at 

the National Reactor Testing Sta

tion in Idaho has already spurred 

plans for a commercial power 

reactor with Monsanto terphenyl 

compounds as the "coolant

moderator." Meanwhile, research

ers are studying other Monsanto 

organic fluids, such as isopropyl 

biphenyl and biphenyl, which may 

be more desirable in certain types 

of reactors. Some engineers believe 

a mixture of organic liquids may 

prove to be the best coolant of all. 

Whichever proves best, Monsanto 

organic fluids promise to help ease 

the cost pinch on atomic power. 

WHEN YOU NEED A SYNTHETIC FLUID, COME TO MONSANTO

Creolor 01 F/uias lor Ihe Fulure 

YOUR FLUID· 
PROBLEMS INVITED 

For virtually any kind of equip
ment, including atomic reactors, 
Monsanto can supply or de
velop the special fluid needed. 
Monsanto has a stockpile of 
commercial. chemical fluids plus 
a backlog of experience in de
veloping the first fire-resistant 
hydraulic fluid, special lubri
cants, coolants and dielectrics_ 
If your engineering calls for a 
fluid to absorb, dissipate or trans
mit heat, electrical or mechan
ical energy ... ask Monsanto to 
help. Just call or write: 

MONSANTO CHEMICAL 
COMPANY 
Organic Chemicals Division 
Department SA-3 
St. Louis 24, Missouri 
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Robot controls automatically broadcast 

the technical data our scientists need to study the performance 

of missiles flying at supersonic speeds 

Where 

AC 
fits in this picture 

At left you see one of a group of men who work in 
telemetry stations strung like beads in a line from the 
Florida coast far into the Atlantic. 

His job-one of the world's most important. To 
measure with hairbreadth accuracy the performance 
of supersonic missiles in flight, as they slip past his 
position at heights beyond the vision of the human eye 
... at speeds almost beyond the comprehension of the 
human mind. 

Every movement of the missile . . . every change of 
course ... every correction of control is automatically 
broadcast to this man and others like him-and 
relayed back to a central control point where engineers 
and scientists wait to correlate the results and study 
missile performance. 

This is the world of guided missiles. Not the world of 
tomorrow, but the world of today. 

Where does AC fit in this picture? 
The engineers at AC are an important part of the team, 

working with scientists in American universities, and 
officials in the ICBM, IRBM and "Air-Breathing" 
Missile Programs at the tremendous job of producing 
operational missiles. 

This team consists of men in the armed forces, and 
some of the best-known and best-respected names in 
science and industry. It is a tightly knit group of 
missilemen, small in number, but spread from Cape 
Canaveral, Florida, to M.I.T . . . .  and from White 
Sands and Holoman Air Base in New Mexico to air
frame factories from Los Angeles to Baltimore ... and 
including AC's own electronics group in Milwaukee. 

AC's part in this all-out program is to build an inertial 
guidance system which can direct a missile on its 
appointed course. The system-which AC calls the 
"AChiever" -has already proved its capabilities in 
both laboratory and operational tests. 

It is entirely self-contained, guiding its missile to the 
target with fantastic accuracy, and with complete im
munity to man-made interference-electronic, radar or 
infra-red. 
If you are a graduate engineer and feel that you might 

be one of the missileman breed-and if you are not 
now a member of the armed forces-write or phone 
the personnel section of AC in Milwaukee. There may 
be a place in this vital program for you. 

THE ELE CTR O NI C S  DIVISION O F  GE N ERAL M O T O RS 

". 
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SOLVENTS • • •  industr.·s I'ile-g ivi ng Iluids 

When organic coatings and printing inks have places to go, 

like on automobile Bodies and printing presses, it's the job of 
their oxygenated solvents to take them there and apply their 

films. Then, these remarkable vehicles evaporate at the pre
cise rate required for the particular end use. 

Celanese, a leading supplier of these industrial solvents, is 
conducting a continuing study into the problems of industry 
so that solvents of even greater usefulness and economy can 
be developed. This program has already produced an impor
tant family of specialized solvents for the paint and coatings 
industry. Manufacturers can now replace costlier fluids with 

ACidS 
Alcohols 
Aldehydes 
Anh,ydrldes 
Esters 

Basic reasons • • • • • . • • • • •  to 

Functional· Fluids 
Gasoline Additives 
Glycols 
Ketol)es 
Oxides 

Polyols 
Plasticizers 
Salts 
Solvents 
Vinyl Monomers 

lower cost solvents that offer greater dissolving power, better 
flow, superior blush resistance, improved all-around perform
ance. Special attention is even paid to the correct flash point. 

Researching into the problems of industry _ . .  applying the 
findings to practical solutions to improve manufacturing effi

ciency • . .  this is another example of Celanese research and 
product development teams working hand-in-hand to supply 
industry with basic and intermediate materials that meet spe

cific requirements. Celanese Corporation of America, Dept. 
582-L,Chemical Division, 180 Madison Ave., N. Y. 16. Celanese® 
Export Soles: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Avenue. New York 16 

• • • • • • • •  for improved products 
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Getting specific about gravity! 
Falling apples fascinated Sir Isaac Newton. No 
doubt he enjoyed a few of them while devising his 
famous gravitational formulas. Newton's con
cern was with what came down, whereas aviation 
engineers today are primarily concerned with what 
goes up. Even so, the gravitational challenge is the 
same. 

A jet plane, intercontinental missile-or any
thing that moves - usually leaves the design stage 

too heavy for optimum performance. To be spe
cific - the specific gravity of the material of con
struction is too high. 

Now, with Titanium, the design engineer can cap-

• • •  FIRST IN 

ture the strength of alloy steel at barely more than 
half the weight. What's more, Titanium is un
affected by most corrosives . . . and is impervious 
to the deadly attack of sea water and marine atmos
pheres. Its coefficient of expansion is low . . . and 
it can withstand long-time operating temperatures 
as high as lOOOOF. 

All types of Titanium mill products, from foil to 
seamless tubing, are made by TMCA. With produc
tion going up and prices going down, now is a good 
time to design with Titanium. Technical literatule 
on Titanium is available just by asking. 

TITANIUM METALS CORPORA TION -OF A MERICA, 233 Broadway, New York 7, N.Y. 
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Vilfredo Pareto ... on the lifetiIne of theories 

"The logico-experimental sciences are made up of 

a sum of theories which. like living creatures. are 

born. live. and die. the young replacing the old. the 

group alone enduring. As with living beings. the 

lifetimes of theories vary in length and it is not 

always the long-lived ones that contribute most to 

the advancement of knowledge. Faith and meta

physics aspire to an ultimate. eternal resting-place. 

Science knows that it can attain only provisional. 

transitory states. Each theory fulfils its function. 

and there is nothing more to ask of it." 

- Traife de Sociologie Generale. 1919 

THE RAN D COR PO RAT ION, SAN TA M 0 N I C A, CAL IF 0 R N I A 
A nonprofit organization engaged in sponsored research related to national security and the public interest 
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Observations of Satellite I 

The artificial satellites are man's first {)enture into experim,ental 

celestial Inechanics. An account of how the first satellite's orbit 

was determ,ined, and how our knowledge of this orbit can be applied 

T
he launching of the first satellites 
is a triumph of celestial mechan
ics. With the aid of 20th-century 

technology man has put into practice, so 
to speak, the laws of heavenly motion 
first discovered in the days of Galileo, 
Johannes Kepler and Isaac Newton. Pre-

by Fred L. Whipple and J. Allen Hynek 

cise calculations, based upon those laws, 
were necessary to shoot the satellites 
into their orbits around the earth. But 
the man-made heavenly bodies-the 
U.S.S.R.'s and our own that will follow
are not a mere tOUI" de fOl"ce exhibiting 
our astronomical and technical sophisti-

cation. They are scientific vehicles to 
probe the far reaches of our atmosphere, 
the borders of space and, oddly enough, 
the depths of the earth itself. They are 
adding to our knowledge of our planet 
with every trip around the earth. In the 
first few weeks of their flight, they told 

ORBITING ROCKET CASE of the first satellite is seen in the 

lower part of this photograph as a sharp image (left) and as a 

smeared trail (right), formed when the camera was held steady on 

the fixed stars. Two stars are recorded in the upper pair of images, 

which are smeared when the camera tracks the satellite and sharp 

when it tracks the stars. Image trails are "chopped" by a rotating 

shutter, but the intermptions do not show in this photog"aph be· 

cause of overexposure. Clock at right gives time of a specific chop. 
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FIRST SATELLITE'S FIRST DAY took it around the earth almost 
exactly 15 times. These drawings show the orbit in color and its 

trace on the turning surface of the earth in black. From left to 

right they depict the completion of the first, second, sixth and 

us more about the �hape of the earth 
than 2,000 years of observation of our 
natural satellite, the moon. 

In short, follow"ing the satellites and 
reading the information they have to 
give is fully as important as launching 
them successfully. To track these objects 
and find their exact orbits is a far more 
difficult task than it may seem. Their 
positions and motions against the back
ground of stars have to be measured 
with great precision. Never before have 
astronomers been asked to track objects 
moving so rapidly as these artificial 

moons. Only a world-wide cooperative 
effort of many observers makes it possi
ble at all. Regrettably, the U .S.S.R. fur
nished little precise or helpful informa
tion about its satellites in the first weeks 
after they were launched. But thanks to 
an alert network of International Geo
physical Year observers, the orbits were 
eventually worked out. 

H
istOriC moments deserve to be re

corded in detail, and we want to put 
down briefly here how the news of the 
first satellite came to scientific observers 

in the U. S. As everyone knows, I.G.Y. 
committees had set up a world-wide or
ganization for tracking satellites, both 
by radio and visually. In the U. S. the 
responsibility for radio tracking was as
signed to the Naval Research Laboratory 
in Washington and for optical tracking 
to the Smithsonian Institution's Astro
physical Observatory in Cambridge, 
Mass. A chain of 12 stations called 
"Minitrack" was organized for radio ob
servation, and the visual observers were 
organized in "Moon watch" teams dis
tributed in a picket line around the 

MOTIONS OF ORBIT swing its plane in a westerly direction at 

a rate of three degrees per day, at the same time carrying the 
perigee and apogee points (nearest and farthest points from the 
earth's surface) around the orbit at about one half degree per 
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sixteenth revolutions. The launching point is assumed to lie be· 

tween the Caspian and Aral seas. The drawings are somewhat ideal· 

ized in that they assume the orbit to be stationary in space and 

the time for one complete revolution to be precisely 96 minutes. 

world. There were 90 Moonwatch 
groups across the U. S., organized by 
Leon Campbell and Armand Spitz. 

On the evening of October 4, in Wash
ington, the chief I.G.Y. representatives 
of nearly a dozen participating countries 
were relaxing at the Soviet Embassy at 
the end of a week of intensive confer
ences on the various countries' satellite 
plans. Richard W. Porter, chairman of 
the technical panel for the U. S. satellite 
program, was called to the telephone. 
He quickly returned and announced to 
the group: "Gentlemen, our Russian col-

leagues are to be congratulated. They 
have successfully launched an earth 
satellite." 

At the Smithsonian Astrophysical Ob
servatory, that Friday evening, almost 
everybody had left for a quiet weekend 
(they thought). Only two of us were 
still in the Observatory. About 7 p.m. the 
telephone brought us the electrifying, 
and momentarily paralyzing, news. It 
was the responsibility of the Observatory 
to alert immediately more than 2,000 
Moonwatch observers around the world. 
The two people, alone in the empty 

headquarters, hardly knew how to begin 
the colossal job. But we were not alone 
for long. Staff members who had heard 
the news on the radio at home began to 
rush back; others were called by tele
phone; within an hour the lights were 
blazing all over the building and dozens 
of workers had begun to send the word 
to the Moonwatch teams by telephone, 
telegraph and cable. Working all night, 
by morning they had reached more than 
100 observing teams around the world. 

Why the rush? Well, no one knew 
what Sputnik's orbit or timetable was, 

day. The drawings show the orbit at approximately lO-day inter

vals. Black dot is perigee; open circle is the node, or inter-

section of the planes of orbit and Equator. Plane of orbit is in 

color. The flatness of the elliptical path is greatly exaggerated. 
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ORBIT'S PROGRESS is seen in a co.mpo.site o.f the separate po.sitio.ns sho.wn at the bo.tto.m 

o.f the preceding two. pages. The mo.tio.n is due to. the bulge o.f the earth at the Equato.r. 

ORBITS OF THE FIRST TWO SATELLITES are sho.wn in relatio.n to. the earth, appro.xi. 

mately to. scale. Orbit o.f first satellite is in black; o.f seco.nd, in co.lo.r. The perigee heights 

are bo.th abo.ut 150 miles. The apo.gees o.r maximum heights are abo.ut 550 and 1,000 miles. 
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nor how short its life might be. The 
whole sky had to be watched. A satellite 
would ordinarily be visible only in the 
dusk of dawn or evening, and we started 
our messages to observers on the East 
Coast (where it was still early evening) 
and worked our way westward. But we 
had not forgotten that our Soviet col
leagues had casually mentioned, on two 
occasions, that their satellite might 
carry lights. So Moonwatch kept an all
night vigil that night. 

Not until morning did it become clear 
that Sputnik was following an orbit 
which would not bring it over the U. S. 
at dawn or twilight for at least several 
days. By the following day we had 
learned enough about the nature of its 
orbit to see that it should cross Alaska 
in the early morning, and we at once 
telephoned the Geophysical Institute 
there. To our intense pleasure, Gordon 
Little, the associate director, replied that 
his group had already seen Sputnik that 
morning and recorded its position. Actu
ally the bright object seen in Alaska was 
not the satellite itself but the shell of its 
last rocket stage. On the evening of the 
same day, astronomers at the Mount 
Stromlo Observatory in Australia also 
saw the rocket, and two minutes later it 
was spotted by an observer in Sydney. 
These sightings gave us our first definite 
picture of the orientation of Sputnik's 
orbit. 

Meanwhile the Naval Research Labo
ratory in Washington had gone through 
much the same experience. Sputnik's 
beep was first picked up in the U. S. at 
8:07 p.m. on the evening of October 4. 
Since the broadcasts were at 20 and 40 
megacycles, instead of the 108 mega
cycles agreed upon in the I.G.Y., the 
Minitrack stations had to adjust hastily 
to the lower frequencies with quickly 
rigged antennas and changes in the 
receiving gear. Gradually a mass of re
ports from these stations and radio 
"hams," supplemented by our few op
tical observations, gave us the data to be
gin to compute an orbit. By this time 
Radio Moscow had contributed a few 
bits of information: that the orbit was 
inclined 65 degrees to the Equator, that 
the satellite made a circuit of the earth 
in 96.3 minutes and that its maximum 
altitude, or apogee, was 560 miles. Mos
cow's predictions of the times at which 
Sputnik would pass over various cities 
confirmed our calculations of its orbit. 

preCise calculation of a satellite's orbit 
is essential in the first instance, of 

course, to tell us where and when to look 
for it, but the main reason for trying to 
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establish it with very high precision is 
that the orbit alone, and changes in it, 
tell us a great deal about the earth. Let 
us look first at how the orbit is found and 
then at what it means. 

In such an astronomical problem, 
everything depends on getting accurate 
fixes of the object's positions in space at 
precisely measured instants of time. For 
an object moving across the sky as rap
idly as the satellite, an ordinary tele
scope will not do, mainly because of the 
tracking problem. The image of the satel
lite crosses the field of the camera very 
swiftly (at more than a foot per second 
in a long-focus instrument) , and it may 
come across the sky from any direction. 
The conventional big telescope cannot 
follow it. Accordingly a special satellite
tracking telescope has been designed by 
Tames G. Baker and Joseph Nunn. It has 
been built by the Perkin-Elmer Corpora
tion (constructing the optics) and Boller 
& Chivens Inc. (the mechanical system) . 

The telescope has a triaxial mount 
which allows it to be swung in any di
rection. To make sure that the film will 
record a very faint satellite, the camera 
photographs it in two aspects: as a 
stopped image and as a trail across the 
sky. It follows the object to get the pOint 
image, and in each cycle it stops mo
mentarily to let the satellite move across 
the field. Thus each "frame" consists of 
a double exposure: one showing the 
satellite as a pOint of light and the back
ground stars as trails, the other present
ing the satellite as a trail against the fixed 
background of stars [see photograph 011 

page 37]. For timing purposes the star 
trails are chopped by a rapidly rotating 
shutter, synchronized by a high-preci
sion crystal clock built by the Norrman 
Company. The timing will generally be 
accurate to a thousandth of a second. 
With the satellite moving at 25,000 feet 
per second, its position in space will be 
located to within about 25 feet. 

The optical system is a novel design 
which makes possible the combination 
of a very wide field (30 degrees) with 
optimal photographic speed for satellite 
tracking. The camera has an aperture of 
20 inches and a focal length of 20 inches. 
It is a modified Schmidt camera with 
three correcting plates. 

Twelve of these cameras will be in
stalled in a belt of stations around the 
world to obtain precise locations of the 
satellites in time and space. Together 
with the gauntlet of Moonwatch observ
ers, they will make it possible to meas
ure the vagaries of the satellites' orbits. 

Once we have the location of a satel
lite's positions at various pOints in its 

orbit, the laws of gravitation and Kep
ler's laws of planetary motion enable us 
to draw its elliptical orbit. The center 
of the earth is one focus of the ellipse. 
Knowing the time the satellite takes to 
go around the earth and its average ve
locity, we can compute its mean distance 
from the center of the earth; or, from 
information on the mean distance, we 
can find the average velocity. But Kep
ler's laws also say that the satellite moves 
appreciably faster at its closest approach 
to the earth's center than in the farthest 
part of its orbit: the speed varies in in
verse fashion with the distance from the 
center. We found that the variation of 
the first satellite's velocity, shortly after 
its launching, amounted to some 10 per 
cent. Thus at perigee (closest to the 

earth's center) its speed was about 1,800 
miles per hour greater than at apogee. 

T
he motion of our natural moon 
around the earth is disturbed sub

stantially by the sun's gravitational pull 
on the moon. But the sun's influence on 
a small artificial satellite close to the 
earth is negligible. This allows us to see 
the effects of slight irregularities in the 
earth's shape on the satellite's orbit. And 
at the moment an outstanding point of 
interest is what the satellites are telling 
us about the slight thickening of our 
globe's waist due to its rotation: that is, 
the equatorial bulge. 

As a satellite revolves around the 
earth in its north-south tilted path, the 
greater gravitational attraction of the 

FATE OF A SATELLITE is shown in these exaggerated orbits. As air resistance slows the 

object down, its maximum height 01' apogee decreases more rapidly than the perigee. Even

tually its orbit becomes circular and further slowing causes it to spiral into the earth. 
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ELEMENTS OF AN ORBIT fix its position 

and shape. Letters a and c (top) are the 

semi'major axis and distance from center to 

focus respectively. Ratio of c to a gives 

eccentricity or flatness. Angle between 

planes of orbit and Equator is i. Large 

omega is angle between line of nodes and 

vernal equinox. Small omega (bottom) is 

angle from Equator to perigee on orbit. 
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earth's bulging mid-section tends to pull 
it toward the Equator. But the revolving 
satellite has the property of a gyroscope. 
When a force attempts to tip the axis of 
a whirling gyroscope, it reacts by turn
ing the plane of its rotation in the direc
tion at right angles to the force. The 
result in Sputnik's case is to swing the 
plane of its orbit around the earth in the 
westerly direction: in the astronomer's 
language, the orbit "regresses" toward 
the west [see diagrams at bottom of 
pages 38 and 39]. The satellite is re
gressing rapidly-at the rate of 3.1 de
grees per day, or three complete turns 
of its orbit per year. This is much more 
rapid than the regression of the more 
distant natural moon, whose orbit makes 
a full swing only once in 18 years. 

The earth's equatorial bulge has an
other effect on the first satellite's orbit. 
The orbit turns in its own plane (swing
ing the perigee around) at the rate of 
four tenths of a degree per day. Still a 
third effect of the equatorial bulge is to 
flatten the satellite's orbit slightly at the 
north and south ends. 

The earth's shape and thickened 
waistline have fascinated investigators 
for centuries. In 1736 the French mathe
matician and astronomer Pierre Louis 
Moreau de Maupertuis went to northern 
Lapland to see whether a degree of 
longitude was shorter there than near the 
Equator. It was, and Maupertuis thus 
found the first proof that the Equator 
bulged and that Newton's laws of gravi
tation held in the real world. Voltaire 
sneered: 

Y Ott who chose 'mid frozen wastes to 
roam 

Proved what Newton showed, who 
stayed at home. 

The man-made satellites now roaming 
the frozen wastes of our planet's border 
are again confirming what Newton 
showed, but with an elegance which 
would have impressed even Voltaire. 

Future satellites, launched to greater 
heights and tracked by more highly or
ganized networks of stations, will meas
ure with great exactitude the earth's 
shape, size and geography. By tracing 
the distribution of the earth's mass, they 
will also chart its internal structure. 

Meanwhile, what else are the satellites 
telling us? They are giving us di

rect measurements of the air density and 
temperature of our upper atmosphere 
out to 150 miles or more. That air re
sistance is still appreciable at 150 miles 
is shown by the fact that the orbit of 

Sputnik I began to spiral slowly down
ward toward the earth immediately after 
it was launched. At the time of writing, 
we estimate that Sputnik I will plunge 
into the denser air and burn up around 
December 11. Further, the deflection of 
the satellites' radio signals by the iono
sphere below them is giving us measure
ments of the density of that electrified 
blanket. The satellites are bringing in 
information about ultraviolet and other 
radiations from the sun which do not 
penetrate to the ground, about cosmic 
rays, about meteors and doubtless about 
other matters that the Soviet scientists 
have not yet specified. 

The satellites have also been a sharp 
prod to techniques in astronomy. They 
compress centuries of celestial motion 
into a few weeks. From the standpoint 
of providing information, each week of 
Sputnik I corresponded to eight years of 
the motion of the moon and a dozen cen
turies of Jupiter's motion around the sun. 
The new problems in observation are 
generating new techniques in optics, in 
radio tracking, in world-wide timekeep
ing and in rapid computation of orbits. 

B
ut above all, the first successful satel-

lites have proved that "the thing 
can be done." They have turned all eyes 
skyward. And the curtain has just barely 
risen on this fresh scene of science. We 

. can expect rapid developments. Adapt
ing an astronomical convention based on 
the naming of comets, we have sug
gested a system of naming artificial satel
lites which the U. S. National Commit
tee of the I.G.Y. has approved. Sputniks 
I and II, under this system, are called 
1957 Alpha and 1957 Beta. Very likely 
1957 Gamma will not be far behind. 
Scientists can begin to lay more elabo
rate plans for their successors in 1958 
and the years to follow. 

Astronomers, naturally, are looking 
forward not primarily to space travel but 
to setting up outposts for scientific ob
servations-astronomical observatories in 
space, far above our murky and tremu
lous atmosphere. The new astronomy 
will call for a whole new technology: 
permanent or at least long-lived power 
sources, platform stabilizers, television 
eyes peering outward as well as down
ward, new methods of analyzing unac
customed radiations (such as the far 
ultraviolet and X-rays), self-repairing 
electronic and radio systems, perhaps 
even repair robots. 

In his millennia of looking at the stars, 
man has never faced so exciting a chal
lenge as the year 1957 has suddenly 
thrust upon him. 
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BEEPING RADIO SIGNAL from the first satellite was recorded 
on an oscilloscope of the Stanford Research Institute. This trace 

SATELLITE·TRACKING CAMERA, which was designed espe· 

cially for this purpose, is photographed at the plant of Boller & 

shows the 40.megacycle signal over a period of two seconds. The 

signal strength provides information on the state of the ionosphere. 

Chivens Inc. in South Pasadena, Calif. It is a wide·angle Schmidt 

telescope. Photograph on page 37 was made with this instrument. 
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ADELlE PENGUINS ascend to their rookery on the bare gronnd 

near the top of this photograph. The small white triangle in this 

NESTING ADELlE PENGUIN at left is a male which is just 

being relieved at the nest by its mate. The male has been at the 
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area is Sladen's tent. The rookery is on Signy Island in the South 

Orkney Islands, which are 400 miles from the Antarctic mainland. 

nest witbout food for 40 days, during which time it has lost 40 
per cent of its body weight. The female wears an aluminum band. 
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PENGUINS 

Although they are associated ,vith the Antarctic, it is not ,videly 

realized ho'w well they are adapted to this fonnidable environment. 

For exan1ple, a penguin can fast 40 days in order to raise its young 

M
y first introduction to penguins 

in their natural haunts came on 
a frigid Antarctic morning 10 

years ago. The royal research ship fohn 
Biscoe was pushing at reduced speed 
through ice-infested water near the 
South Shetland Islands off Antarctica. 
As dav dawned, the desolate stillness of 
the icy ocean was broken by a sudden 
chatter of strange cries. We found our
selves in the midst of a crowd of the 
channing black and white birds which 
are so familiar in photographs but which 
few people have ever seen on their 
home grounds. All around us penguins 
were "Hying" through the water, leaping 
into the air like little porpoises and 
shouting to one another with their melo
dious call-aark, aark. It was a never-to
be-forgotten experience. 

The cold-loving penguins are difficult 
to preserve in captivity, and very few 
zoos have ever been able to breed them 
or to keep them in large numbers. To 
see how penguins really live, you have 
to study them in the wild. When I went 
to the Antarctic in 1947, it was in part 
expressly tor the purpose of investi
gating penguins in their habitats. I 
signed on as a medical officer with an 
expedition of the British Falkland Is
lands Dependencies Survey (what we 
call F.LD.S. ) ,  which since 1944 has 
been carrying out continuing research in 
the Antarctic from permanent bases. 
Since all the men are carefully picked 
for health and ability to endure Antarctic 
life, there was not too much for a medi
cal officer to do, and I had ample oppor
tunity to become acquainted with the 
penguins. 

penguins are peculiar to the Southern 
Hemisphere: their white-breasted 

northern counterparts in the Arctic 
are not penguins but auks and puffins. 

by \'1'illiam J. L. Siaden 

The penguins almost certainly ongl
nated in the Antarctic region, for fossil 
penguins found in that area of the world 
go back to early in the Tertiary Period 
(-i.e., some 50 million years ago) . But 
today they are not confined, as the con
ventional pictures may suggest, to the 
icy polar wastes. Following cold ocean 
currents, they have spread to the coasts 
of New Zealand, Australia, South Africa 
and up the west coast of South America. 
Indeed, the chilly Humboldt Current of 
South America has taken them as far as 
the Galapagos Islands just south of the 
Equator. The wide distribution of the 
penguins has brought diversification of 
the species. 

The species differ in head coloring 
and other markings, but all have the 
typical white breast and black back. 
This may well serve as camouflage 
against their enemies (chiefly the leop
ard seal) , for in the water they blend 
into the background of light from below 
and into the darkness of the water from 
above. The penguin's bodv is beauti
fully adapted to its life in cold waters. 
Unlike other birds, it is almost com
pletely covered with feathers. Its dense 
coat of short, stiff feathers, overlapping 
almost like scales, gives it excellent in
sulation against heat loss. The only piece 
of bare skin on its whole body is a very 
narrow strip on its abdomen which wid
ens to about an inch and a half when 
the bird incubates its eggs and becomes 
grown over with feathers again after the 
eggs are hatched. Penguins cannot fly: 
their wings are reduced to flippers for 
swimming. The streamlined body can 
reach high speed in the water-perhaps 
as high as 30 miles per hour. 

There are 17 species of penguin, clas
sified in six families. They include the 
Humboldt species, the Galapagos spe
cies, other species in South America, 

South Africa, New Zealand and Austra
lia. But by far the largest in population 
are the species that breed in the Antarc
tic or sub-Antarctic. Among these are the 
king and emperor penguins (some four 
feet tall) and the smaller chinstrap and 
Adelie species. The chinstrap breeds in 
vast colonies, sometimes amounting to a 
million birds, on the South Shetland Is
lands. But even more numerous is the 
Adelie, probably the best known of all 
the penguins and famed as "the clown of 
the Antarctic." 

It was the Adelie that I set out to 
study. To follow its fascinating life his
tory I began by marking a large num
ber of the birds. Penguins lend them
selves admirably to this method of study; 
they are, among other things, easy to 
catch. The practice of banding birds, 
in fact, started with penguins as one of 
the first subjects. In 1908 L. Gain of 
the French Antarctic Expedition tied 
green celluloid bands on a number of 
penguins and so discovered that they 
came back to the same breeding area the 
following spring. In recent years F.LD.S. 
has banded birds with numbers to iden
tify individuals. In our study, which ex
tended over two Antarctic seasons, we 
banded 338 birds, marked 1,360 others 
with paint and dissected many. One of 
the reasons for the dissections was to 
identify the sex of the birds, because it 
is very hard to tell a male from a female 
by inspection. 

T he Adelie penguin spends the Ant-
- arctic winter at sea hunting its food

the small shrimp called krill, which is 
also the main diet of whales. In early 
spring the Adelie starts a long trek over 
the still-frozen sea to its breeding ground 
on the Antarctic land coast. It some
times has to walk as far as 60 miles over 
the sea ice to its rookery. Since the rook-
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ery is too far from open water for the 
penguin to walk back regularly for food, 
the bird is prepared for a long fast. It is 
plump with a reserve supply of fat: the 
male Addie weighs about 13 pounds, the 
female about 11 pounds. 

On arriving at the breeding ground, 
the birds take up stations at sites where 
they will build their nests. In many cases 
the male goes without hesitation to a 
particular site and stays there. To es
tablish his territorial claim, and attract 
a female, he performs what is called the 
"ecstatic" display. The bird stretches his 
neck, cocks his bill toward the sky, 
slowly waves his flippers back and forth 
and finally lets forth a raucous caw. 
Often a female comes running. But the 
male may not need to call for a mate. 
The partner with whom he mated in the 
preceding season may meet him at the 
same site. We found that Ad6lie pen
guins which had been banded with in
dividual numbers by F.LD.S. workers 
came back to the same nest sites year 
after year and were, on the whole, faith
ful to their mates of the preceding sea
son. 

The partners frequently perform a 
mutual display, facing each other and 
waving their stretched necks and heads 

MALE AND FEMALE ADELlE PENGUINS perform the "mutual" display with which they in unison. After the snow has thawed a 
greet each other at the nest. This display occurs when one bird comes to relieve the other. little, the male and female begin to build 

a nest of stones. Popular accounts have 
it that the male drops a stone at the feet 
of the female, and if the female accepts 
this courtship token, the bond between 
the two is established. My observations 
failed to substantiate this charming 
story. One of the pair may collect stones 
and drop them near its mate, which con
structs the nest. The purpose of the nest, 
in part, is to keep the eggs above water 
when snow falls on the nest and melts. 
It has to be built up from time to time 
with fresh supplies of stones, because 
penguins have a habit of stealing stones 
from one another's nests. 

By early November, some three weeks 
after their arrival at the rookery, the fe
male lays two bluish-white eggs, each 
weighing about three and a half ounces. 
The male then takes charge of the nest 
and eggs, and the female goes to sea to 
break her fast. About two weeks later 
she returns to the nest, and the pair now 
perform a ceremonious "changing of the 
guard." As they wave their stretched 
heads at each other again and again, the 
male rises stimy from the eggs and the 
female takes his place. He then repairs 
the nest and waddles off to the sea for 
his turn to feed. He comes back in two 

ONE-WEEK.OLD ADELlE PENGUIN CHICKS are the two fluffy balls at lower left. Their weeks and relieves the female to give her 
heads are beneath the parent, for warmth; their rear ends are out of the nest, for hygiene. another chance to go for food. When 
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ADELlE PENGUINS LEAP OUT OF THE WATER to a ledge of 

ice. The top of the ledge is some seven feet above the water. The 

penguin is an excellent swimmer. Its food consists of the small, 

shrimplike creatures called krill, which are also eaten by whales. 

she returns, she brings food for the 
chicks, because by now, after an incu
bation period of about 35 days, the eggs 
are hatching. She feeds the chicks with 
semidigested food which she regurgi
tates from her stomach. During their 
gr�wth period the youngsters get fed 
about every two days, and a chick can 
take up to one and a half pounds of food 
at a single meal! The parents take turns 
going for food and standing guard over 
the chicks. 

� the age of about four weeks the 
chicks leave the nest. Groups of 

about 100 chicks then gather together, 
mainly for protection against the preda
tory skua. The chicks still have to be fed 
by their parents, and you may well ask: 
How do the parents pick out their own 
chicks from a mob of IOO? The authori
ties used to think that the parents did 
not recognize their own but simply fed 
chicks on a first come, first served basis. 
However, I discovered by watching 
marked birds that the parents do feed 
just their own offspring. If the food-bear
ing parent does not find its chicks, it 
stretches its neck and begins to caw 
noisily. Its offspring, even when asleep, 
promptly wake up and run to be fed. 

This matter of recognition is one of 
the most fascinating questions about 
penguins. Other workers have confirmed 
that parents and their chicks recognize 

each other, and it is also plain that the 
adult birds must have some means of 
identifying their own mates, even after 
a winter's separation. Because males and 
females are indistinguishable by super
ficial markings, investigators in the past 
have wondered whether penguins can 
tell each others' sex, and some even sug
gested that the birds might have to de
cide the question by trials at copulation! 
But close observation of marked birds 
has now established that penguins read
ily ideHtify one another, by sound, by 
performance in the mutual display and 
also by appearance. Adelie penguins 
have a strong propensity for forming 
and maintaining partnerships under all 
circumstances. When a bird arrives at a 
nest site before its mate of the previous 
season, it may start "keeping company" 
with a new partner. However, when the 
original mate arrives, it nearly always 
ousts the usurper. 

The penguin's ability to locate the 
same nest site year after year is another 
remarkable thing. In the spring the 
Adelie waddle many miles to their desti
nation over rough sea-ice in which these 
short-statured birds, only a foot and a 
half high, cannot see much more than a 
few yards ahead. And when they arrive 
at the rookery, they go straight to the 
spot where they nested the preceding 
year, even when it is covered with a 
foot of snow. How they can recognize 

their own site is difficult to imagine. 
The family ties of penguins are very 

strong. After. the chicks have left the 
nest and spent several weeks with other 
chicks (called the " creche" stage) , each 
returns at the age of eight or nine weeks 
to its parents' nest territory. Not until 
it has moulted its down and acquired its 
juvenile plumage do the parents finally 
abandon the chick. At that stage the 
young penguins move in groups to the 
water's edge, stand around exercising 
their flippers (as other young birds ex
ercise their wings) and finally venture 
into the sea. Some observers have re
ported that the parents give their chicks 
swimming lessons, but this is not true of 
the Aclelie: they learn to swim by them
selves. Their first, tumbling attempts to 
leap porpoise-like out of the water are 
very amusing to see. 

N° other vertebrate animal breeds as 
deep in the Antarctic as the pen

guins. The species that goes closest to 
the South Pole is the emperor penguin. 
Forty-six years ago Edward Adrian 
Wilson, chief scientist of the Scott expe
ditions (who perished the following 
year after reaching the South Pole) , re
ported that the emperor penguin was 
"eccentric to a degree rarely met with 
even in ornithology." He found that it 
bred on the Antarctic continent in win
ter, that it made no nest, that it carried 
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its eggs and its chicks around on its feet 
and that it migrated on ice Hoes. In 
recent years Bernard Stonehouse of 
F.I.D.S. and Jean Prevost of the French 
Polar Expedition, working on opposite 
sides of the Antarctic, have studied these 
remarkable birds closely, living with 
them on their breeding grounds in mid
winter. The emperors arrive at their 
breeding quarters around the middle of 
March, at the beginning of the Antarctic 
winter. It takes two months to incubate 
the eggs, and the male does all the sit-
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ting himself, while the female feeds at 
sea. At hatching time the female re
turns, finds her mate (though there is no 
nest) and proceeds to feed the chicks. 
The family maintains its unity in spite 
of long separation in an icy wilderness 
without any fixed home. The dedication 
and endurance of the father also are 
quite remarkable. He goes without food 
through the cold Antarctic winter for 
a period of about three and a half 
months. 

Only by marking the birds was it 
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possible to establish these extraordinary 
facts. By the same device L. E. Richdale 
has learned a great deal about penguins 
in an IS-year study of the yellow-eyed 
species of New Zealand. He concen
trated on a colony which breeds in 
woodland, using nests made of sticks, 
along the coast near Dunedin. Marking 
the birds year after year, he attained 
the enviable position of knowing the 
ages and histories of most of the mem
bers of his colony. Richdale is the only 
investigator who can speak with au-
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MAIN EVENTS IN THE BREEDING SEASON of an Adelie pen
guin rookery are outlined. During the "occupation period" the 

population builds up. Males and females remain together until the 

eggs are laid. Then the female feeds at sea, leaving the male to 
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thority on the life span of penguins. 
He found that his species began to 
breed at the age of two and lived for 
20 years or more: one bird that he 
banded in 1936 when it was at least 
two years old was still alive in 1954. 
Richdale has systematic data on the 
birth and death 'rates, fertility, behavior, 
movements and divorce rates of his 
penguins. 

Stimulated by his work, members of 
the F.LD.S. and the Australian Antarctic 
Research Expedition are carrying out 

DECEMBER 

long-range bird-banding projects which 
should answer many biological questions 
about which ornithologists and ecolo
gists have been theorizing for years. 

J\i( eanwhile progress is being made in 
studying penguins under labora

tory conditions. Penguins are a popular 
exhibit in zoos, but few people realize 
that these specimens are living under 
conditions completely unnatural to them 
and are very difficult to keep. Fewer 
than 25 per cent of penguins taken from 
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their wild environment survive longer 
than a month or two. Besides the hazards 
inherent in the change of climate and 
other alterations of their surroundings, 
penguins are very susceptible to infec
tion, particularly the fungus infection 
called aspergillosis. 

The zoos that have had some success 
in breeding cold-climate penguins are 
those in Edinburgh, Vancouver and 
London, where the outdoor climate is 
not too unfavorable. In recent years sev
eral other zoos have been able to keep, 
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continue his fast. When the female returns, the male feeds at sea. 

The newly hatched chicks are guarded by one or the other of the 

parents and fed by them altemately. When the chicks are about four 

weeks old, they herd together in "creches." Finally they disperse. 
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but not breed, cold-loving penguins by 
building special refrigerated rooms for 
them. In the first such refuge, at the Na
tional Zoological Park in Washington, 
two emperor penguins brought back 
from the Antarctic by Admiral Richard 
E. Byrd lived for several years. Prob
ably the best exhibit of penguins be
hind glass in the world today is the 
one in the Bronx Zoo. There penguins 
of the emperor, king, chinstrap and oth
er species disport themselves in a cooled 
tank to the delight of thousands of 
visitors. 

My wife and I, unable to forego the 
charm of penguins, have been keeping 
a group of Humboldt penguins at the 
Johns Hopkins University. Coming from 
a comparatively warm climate, Hum
boldts endure captivity better than the 
Antarctic or sub-Antarctic species. With 
the enthusiastic encouragement and co
operation of Curt P. Richter and Horsley 
Gantt of the biological laboratories at 
Johns Hopkins, we have now kept our 
penguins for nearly 18 months, and they 
have settled down in their strange quar
ters surprisingly well. They are certainly 

most unusual laboratory animals. The 
Humboldt penguin's displays are very 
like those of the Adelie, but more spec
tacular and noisier. In the "ecstatic" dis
play, which announces its territorial 
claim and summons a mate, it raises its 
head and neck to the sky, gives a few 
soft kuk-kuk-kuks, takes a deep breath 
and emits a long, wailing bray, usually 
repeated three times. (In the Falkland 
Islands and South Africa a popular name 
for the Humboldt's local braying rela
tives is "jackass.") The first time one of 
our penguins brayed, while they were 

I 

DISTRIBUTION OF PENGUINS (hatched area) extends to the 

Equator. The numbers indicate the approximatl"l distribution of all 

17 species. The number 1 is Galapagos penguin; 2, Humboldt; 3, 

Magellan; 4, gentoo; 5, rock hopper; 6, Adelie; 7, chinstrap; 8, em

peror; 9, African; 10, king; 11, macaroni; 12, fairy; 13, yellow
eyed; 14, white-flippered; IS, thick-billed; 16, royal; 17, Sclater. 
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1:; eing kept near a small lake on the out
�kirts of Baltimore, a herd of Black 
nngus cattle in the adjoining field came 
running up. They looked quizzically 
cver the fence, no doubt taken aback to 
see not a newcomer to the herd but a 
small, defiant, threatening penguin. We 
have since learned how to call forth 
our penguins' various displays on re
quest. 

I n close cooperation with experts in var-
ious fields, we have been studying 

the penguins' adaptations to captivity, 
their food requirements, their behavior 
and their physiology. One of the projects 
is an attempt to find a treatment for as
pergillosis, a common infection of water
fowl and game birds and occasionally 
found even in man. Collaborating with 
the pathologist Carlton M. Herman, of 
the U. S. Fish and Wildlife Service, we 
have succeeded in cultivating the disease 
in chickens as an experimental animal 
and are now in a position to study its 
pathology and try out drugs. 

With Raymond J. Hock of the Arctic 
Aeromedical Laboratory in Alaska and 
H. T. Hammel of the University of Penn
sylvania we have studied the metabolic 
rates and heat-conserving mechanisms of 
our penguins. It seems that penguins, 
like some waterfowl and seals, have 
an interesting system of blood-vessel 
counter-current exchange which pre
vents loss of heat through their feet and 
flippers [see " 'The Wonderful Net'," by 
P. F. Scholander; SCIENTIFIC AMElIICAN, 
April]. Finally, with Knut Schmidt
Nielsen of Duke University, we have 
been running some experiments to find 
clues to how the Humboldt penguin 
manages to get along on salty sea wa
ter as its sole water supply [see "The 
Desert Rat," by Knut and Bodil Schmidt
Nielsen; SCIENTIFIC AMERICAN, July, 
1953]. 

By studying the beautifully adapted 
penguins man may eventually learn 

some hints on survival in very cold 
climates and on other practical matters. 
But their main charm to a student lies 
in the fascination of watching a com
munity of birds which are utterly gre
gariOUS and sociable in everything they 
do. Perhaps some day we shall learn 
enough about them to be able to rear 
colonies of them in captivity, so that 
visitors to zoos can share with explorers 
of the Antarctic the delightful experi
ence of seeing penguins as they are in 
nature-squabbling, displaying, pilfer
ing nest material and rearing their 
chicks. 

GROUP OF HUMBOLDT PENGUINS is doing well under the care of Sladen and his wife 
at the Johns Hopkins University. The Humboldts come from a comparatively warm climate. 
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Serotonin 

It is a substance found in the blood, the brain, certain tumors, 

the clam, the octopus, jellyfish and nettles. Discovered only 10 
years ago, it is presentZr a frontier of physiological research 

W
hen we set out in 1939 to look 
for the substance now known 
as serotonin, we did so because 

it seemed a complicating impediment to 
our studies of high blood pressure. The 
existence of the substance had been sus
pected for many years. Noting that the 
serum of clotted blood caused blood 

by Irvine H. Page 

vessels to contract, physiologists had 
concluded that it contained a substance 
which, by contracting the vessels, as
sisted in the plugging of the vessels to 
stop bleeding from a wound. It is clear 
how the existence of such a substance 
in blood could hamper an investigator 
seeking factors responsible for hyperten-

sion. The blood-pressure effects of this 
normal substance could easily mask 
those of pathological substances. So we 
began work to see if we could identify 
the unknown agent and determine its 
properties. 

Ten years ago we succeeded in isolat
ing this substance, euphoniously named 

SEROTONIN TYRODE'S 
SOLUTION 

OXYGEN 

------------------

CONTRACTION OF UTERINE MUSCLE in response to sero

tonin is marked on the moving drum at left as a sharp rise. The 

muscle is provided with oxygen and Tyrode's solution to keep it 
alive, and the whole is suspended in a water bath to keep it warm. 
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serotonin by my colleague A. C. Corco
mn. We purified it in crystalline form 
and determined its chemical structure, 
after which serotonin was easily synthe
sized. It has since been made widely 
available, and investigators have discov
ered that serotonin is involved in an 
amazing range of biological processes. 
Hardly a week now goes by without the 
appearance of several important papers 
casting fresh light on the manifold func
tions of serotonin. It has opened unex
pected horizons in biological research. 

Naturallv the first studies of serotonin 
were of its �ffects on the heart and blood 
vessels. It turned out to have a very 
complicated action on the circulation, 
and currently there are many theories 
as to what its main function there may 
be, ranging from the idea that it regu
lates the flow of blood through the kid
neys to the view that it mediates com
munication in the nervous system. But 
research on serotonin soon made clear 
that its effect on the circulation was only 
one of the roles that this substance 
played in the biological world. 

Even before serotonin was identified, 
-1 V. Erspamer in Italy had experi- RISE IN BLOOD PRESSURE in an "rtery after injections of serotonin is shown by the 

men ted with it in the form of extracts sharp peaks on this record. Lines beneath the tracing mark the time of serotonin injections. 

from animal tissues and found that it 
had the power not only to raise blood 
pressure but also to cause muscles of the 
uterus and the intestines to contract. 
Erspamer's extracts (whose active ingre
dient, as he himself later showed, proved 
to be serotonin) came from invertebrate 
animals (the salivary glands) as well as 
from mammals (the gastro-intestinal 
tissues). Further searches for the sub
stance showed it to be practically ubiq
uitous, not only in the animal kingdom 
but also in plants. The nettle seems to 
produce its sting with a trace of sero
tonin; so does the jellyfish. Clammed-up 
clams relax their muscles with it. The 
octopus has it in its salivary glands, 
probably for no good purpose. The 
growth hormones of plants are very 
closely related chemically to serotonin. 

In our own body, and in mammals 
generally, serotonin has a wide spectrum 
of effects. Its strong action on the intes
tines and the uterus suggests that it regu
lates the behavior of those organs in 
some way. It seems to be involved in the 
mechanism of inflammation. It causes 
the bronchial muscles to contract, which 
indicates that it may play a major role 
in some forms of allergy and anaphy
lactic shock. Indeed, serotonin's potency 
and wide distribution in the body sug
gested that it ought to have a specific 
metabolic disease associated with it; in 

RAPID RESPIRATION results when serotonin is injected slowly into a vein (upper 
tmcing). The lower tracing indicates the corresponding rise of blood pressure in an artery. 

The line below the tracings indicates the period during which serotonin was injected. 
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CARCINOID TUMOR is shown in cross section by this photomi. 

crograph. The clusters of cells containing serotonin have been 

stained with silver. They appear as dark spots in the micrograph. 

BLOOD PLATELETS, which also contain serotonin, appear as 

dark disks in this photomicrograph made by Marjorie Zucker of 

the Sloan.Kettering Institute. The lighter disks are red blood cells. 

short, once identified, serotonin could be 
considered a substance in search of a 
disease. One was soon found. The dis
ease in question must have been with 
us since the beginning of descriptive 
medicine, but it went unrecognized by 
bedside clinicians until six years after 
the discovery of serotonin. The symp
toms of the disease are skin flushes, ab
dominal cramps, diarrhea and often 
damage to the right side of the heart. 
The disease's focal point is a feebly ma
lignant tumor called "carcinoid." After 
serotonin became known, it was discov
ered that the symptoms of this disease 
were due to secretion of large amounts 
of serotonin by the tumor. The urine of 
carcinoid patients was found to contain 
a high level of a metabolic product of 
serotonin. Thus carcinoid became the 
first malignant tumor that could be de
tected by urine analysis. 

But probably the most significant of 
all of serotonin's functions, in health or 
in disease, is in the brain. It exerts pow
erful effects upon the performance of 
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that all-important organ, and serotonin 
may well become a capital clue to the 
biochemistry of sanity and insanity. 

TO get a clearer idea of the kind of 
substance we are dealing with and 

how it may affect the brain, let us take 
a quick look at the chemistry and metab
olism of serotonin, which were worked 
out largely by a young biochemist, Sid
ney Udenfriend, now at the National 
Heart Institute. The precursor of sero
tonin is tryptophan, a common amino 
acid found in protein foods. By a simple 
two-step reaction involving the addition 
of a hydroxyl group (OH) and the re
moval of a carboxyl group (COOH) by 
two different enzymes, tryptophan is 
transformed to 5-hydroxytryptamine, 
that is, serotonin [see formulas on oppo
site page J. Removal of the amine side 
group by another enzyme degrades sero
tonin in turn to 5-hydroxyindoleacetic 
acid, which is excreted by the kidneys. 
These are common reactions; the en
zymes that mediate them do the same 

in the metabolism of other compounds 
and are found widely in the cells of the 
body. The central structure of serotonin 
on which these additions and subtrac
tions of side groups are performed iden
tifies it as a member of the immensely 
important family of in doles-a family 
which includes the plant growth hor
mones. Herein may lie a clue to some 
of serotonin's activities: it may account, 
for example, for the abnormal growth of 
the lining within the right heart in the 
carcinoid disease. 

At first it was thought that serotonin 
originated only in a special type of cell 
which is especially plentiful in the intes
tine and has the unusual character of 
staining strongly with silver. Now we 
know that it can be produced almost 
anywhere in the body. Some connective 
tissue cells, in particular, are important 
releasers of s.erotonin. In the blood
stream it is largely contained in the 
platelets. These tiny particles, the for
merly mysterious "blood dust," have 
turned out to be miniature packets of 
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humors, containing histamine and prob
ablv other substances that affect the 
caliber of the blood vessels. 

T he discovery that serotonin is present 
in the brain was perhaps the most 

curious turn of the wheel of fate in this 
whole business. Several years ago Albert 
Hofman, a Swiss chemist, had an alarm
ing experience. He had synthesized a 
new substance, and one afternoon he 
snuffed some of it up his nose. There
upon he was assailed with increasingly 
bizarre feelings and finally with hallu
cinations. It was six hours before these 
sensations disappeared. As a reward 
for thus putting his nose into things, 
Hofman is credited with the discovery 
of lysergic acid diethylamide (LSD), 
which has proved a boon to psychiatrists 
because with it they can induce schizo
phrenic-like states at will [see "Experi
mental Psychoses," by Six Staff Members 
of Boston Psychopathic Hospital; SCIEN
TIFIC AMERICAN, June, 1955]. 

LSD is an indole and thus a cousin 
of serotonin [see formulas on next page J. 
The connection between them was soon 
strengthened by the discovery by the 
British physiologist J. H. Gaddum that 
LSD blocks the action of serotonin in 
uterine tissues. Gaddum was moved to 
suggest that serotonin might be the 
stabilizer that keeps us sane. Since then 
a number of other indole antagonists to 
serotonin have been found or made syn
thetically; many of them pwduce 
changes in behavior and some may have 
therapeutic properties. D. W. Woolley 
and E. Shaw, who did much of this 
work at the Rockefeller Institute for 
Medical Research, have proposed the 
bold hypothesis that mental disease may 
be due to disturbance of the metabolism 
of serotonin. 

E(lually suggestive is the interaction 
of serotonin with the tranquilizing drug 
reserpine. Bernard B. Brodie, the chief 
pharmacologist at the National Heart 
InsLtute, made the discovery that re
serpine liberates most of the serotonin 
present in the tissues of the brain. The 
freed serotonin is then rapidly broken 
down, and is held to a low level in the 
brain for several days. In Brodie's opin
ion it is the liberation of serotonin that 
leads to the signs and symptoms attrib
uted to reserpine. Serotonin injected di
recJy into the brain has, in fact, the 
same tranquilizing effects. Curiously, 
when serotonin is injected into the 
bloodstream it is barred from passage 
into the brain by the brain's protective 
chemical barriers [see "Barriers in the 
Brain," by Robert B. Aird; SCIENTIFIC 
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SYNTHESIS OF SEROTONIN from tryptophan, an essential amino acid. requires two 

enzymes. Another enzyme converts serotonin to 5·hydroxyindoleacetic acid. which is the 
substance excreted in the urine of patients with the carcinoid tumor that produces serotonin. 
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plant hormone, and of lysergic acid diethylamide (LSD), which causes experimental psy· 

chosis. The breakdown product of serotonin, 5·hydroxyindoleacetic acid, resembles auxin. 
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AMERICAN, February, 1956]. However, 
its precursor, the amino acid 5-hydroxy
tryptophan, readily crosses the barrier 
and is converted to serotonin in the brain 
cells. Small amounts of this amino acid 
have a sedative action in man, but large 
amounts are strongly excitant in ani
mals. It may be that free serotonin is 
sedative in small amounts and excitant 
in large. 

We do not yet have a clear picture of 
how serotonin brings about its effects. 
Amedeo S. Marrazzi has shown at the 
Veterans Hospital in Pittsburgh that in 
very minute amounts it inhibits the 
transmission of nerve impulses across the 
junctions between nerve cells. He postu
lates that the mental disturbances which 
have been related to serotonin may be 
due to this inhibiting action. 

We are still far from sure that changes 
in the serotonin content of the brain are 
actually the cause of psychosis. About 
the most we can say at the moment is 
that LSD and serotonin can induce 
powerful effects on the brain, and it is 
reasonable to suppose that these sub
stances or their counterparts are in
volved in mental health and disease. 

I t is hard to understand why it took 
scientists so long to get around to in

vestigating the chemical reactions going 
on in their own brains. I speak from 
acute personal experience. When I came 
home in 1931 after three years of work 
on the chemistry of the brain at the 
Kaiser Wilhelm Institute, I could not 
get a job in this field or stir a ripple of 
interest in it. There was great reluctance 
in many quarters to accept the possi
bility that mental disease might have a 
chemical basis. Thwarted by lack of op
portunity to work as a brain chemist, I 
moved on to research in cardiovascular 
disease. Now serotonin has brought me 
back full circle to my original interest. 
I find myself fortuitously again in neuro
chemistry, this time embarked on an 
odyssey with a substance which prom
ises a most exciting journey. 

Wherever serotonin may lead us in 
the end, it has at least served the useful 
purpose of playing a big part in bringing 
the chemistry of the brain to life. More
over, it has given us a new perspective 
on how intricately nature works its proc
esses in the body. I suspect that when 
we finally track down all the functions 
of serotonin, we shall find them even 
more subtle and far-reaching than we 
now imagine. Through serotonin and its 
chemical relatives we should get a more 
detailed picture of the complex interplay 
in the body which makes man greater 
than his parts. 
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___ Kodak reports on: 
a photographic plate within the spirit, if not the letter, of Lambert's Law ... ideas 

that gel, or turn thixotropic ... what the founder of the foundry didn't know 

In memory of a perfedionist 
As Johann H. Lambert must have 
remarked more than once before 
he passed away in 1777, wenn bie 
JUcbtlitiirke ber bon riner .1fliicbe ltom
menben g;,trablung bem c[oliinuli beli 
minkr1s ?wiscben g;,trablricbtung unb 
.1fliicbennormalen proportional ilit. !So 
nennen wir bie .1fliicbe eine bolltom
men streuenbe .1fliicbe. In short, a 
perfect diffuser has the same bright
ness from every direction. A nearly 
perfectly diffuse reflector is fairly 
easy to come by, but a perfectly 
diffuse transmitter is just a con
venient idea, remote from reality. 

We like to think that a product 
we call Kodak Day View Screens, 
though far from the letter of Lam
bert's Law, comes as close to diffuse 
transmission as any material avail
able. We make these for optical in
struments wherein an image is to 
be projected from behind the screen 
with a minimum of "hot spot" at 
the center to dazzle and annoy. 
They are clear glass plates precisely 
coated with one of several compo
sitions that we are rather proud of. 

Perhaps the thought occurs to 
you that a photographic emulsion 
might be coated over the light
diffusing composition, of a speed 
such that the plate might be exposed 
in a camera in order to get some 
sort of photographic pattern for 
comparison with a projected image 
on the screen. The very same 
thought has occurred to us. 

As a result, we now offer Kodak 
Translucent Plates, Type 5. Axially the 
processed plates transmit 85 % of the 
incident light (where unobscured by the 
photographic image, of course). At 0° 
they are only eight times brighter than 
Herr Lambert figured they ought to be, 
while at 30° they are 0.8 times as bright 
as he would have wanted. This is much 
better than it sounds and a whale of a 
lot better than ground glass. For more 
technical details and all the commercial 
details, write Eastman Kodak Com
pany, Special Sensitized Products Di
vision, Rochester 4, N. Y. 

Mono-and-wate r 
We have run into a few matters in 
the field of colloid chemistry that 
can stand being presented straight. 
They concern monoglycerides, a 
kind of fat widely used in baking. 
Monoglycerides which have been 
substantially freed of diglycerides 

by molecular distillation can seize pesky x-ray film. Now it's all differ-
water and imprison it. ent. Even the small foundry, dedi-

• When a monoglyceride at a cated by the proprietor's grand-
temperature above its melting point father to the peaceful production of 
-which for some may not much parlor stoves, is talked into an x-ray 
exceed that of water-is poured outfit by some slick salesman. And 
into water at the same temperature, what happens? They're hooked! 
a firm gel is instantly formed. The Before the year is out, the treas-
gel contains 15 to 25 % of water. urer reports that the x-ray has al-
Child of what appears to be hydro- ready paid for itself. How is that? 
gen bonding of water to oil, it is asks the boss. Why, in metal saved 
dispersible in the former not at all because radiography of the pilot 
and soluble in the latter only with castings pointed out the real danger 
difficulty. As long as kept warmer spots in mold designs and showed 
than the melting point of the mono- where the need for bulk was imagi-
glyceride and protected from dry- nary. * A little of this kind of talk 
ing, the gel is indefinitely stable. and soon the radiographer has an 

• When the pouring is done the assistant radiographer, which leaves 
other way, viscosity of the equili- him time to take in the annual con-
brized system rises continuously vention. Now we're rolling. There 

until a non-pourable transparent 
"solid" as firm as putty results. 

• Clear homogeneous liquids can 
be made from water, plain fat, and 
monoglyceride. The water can carry 
water-soluble substances while the 
fat carries oil-soluble substances. 

• With liquid monoglyceride, wa
ter, and soap, one can make a 
translucent thixotropic liquid that 
is contractile, like egg white. When 
cooled below a certain point, it 
changes to a crystalline character 
in which it is like translucent pud
ding, but still thixotropic. A word 
like "thixotropy," casually dropped 
in non-rheological company, can 
help a person. 

Notice how nothing is said aboul ap
plicatiolls? That's because we wanl you, 
gentle reader, to have a head start Ol'er 
your competitors. For a fit/I report 011 
mOllo-and-water, as we see it to date, 
write Distillation Products Industries, 
Rochester 3, N. Y. (Division of Eastmall 
Kodak Company). 

The radiographer enlightened 
The foundry business managed to 
get along for several thousand years 
before we came along peddling our 

he runs into other radiographers 
from places where 400% safety fac
tors on cross-section are not al
lowed because the darned space 
vehicles, or whatever they are, 
would never get off the ground. 

Home he comes, not only bear
ing a bee to put in the foundry 
sales manager's bonnet, but sound
ing like this: 

"By virtue partly of photoelec
tron emission and partly of second
ary x-rays generated as a fluo
rescence process, a .005/1 sheet of 
lead foil can serve to intensify an 
x-ray image on a film in intimate 
contact with the foil. At the same 
time, such a lead screen prefer�n
tially attenuates the less-penetratLng 
longer wavelengths of the primary 
radiation. Obviously, both the in
tensification and filtration effects 
are strongly kilovoltage-dependent. 
It has been shown recently that by 
employing one or both of these 
effects with two (or even three) 
films of different (or even the same) 
speed in the exposure holder, a 
wider range of specimen thickness 
can be adequately radiographed in 
a single exposure, ,thereby saving 
dough." 

He heard that from a Kodak mall 
Ilamed Ralph E. Turner. If you want a 
clearer idea of what Mr. Turner said, 
request a copy of the paper from East
man Kodak Company, X-ray Division, 
Rochester 4, N. Y. 

*The boss knows better thall to 
argue that ill the old days job es� 
limales colllained a comfortable 
allowance for rejects. His compe .. 
titian has the x·ray, too. 

This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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An industrial periscope is very 
often the answer to hard-to-get
at, underwater, hazardous loca
tion or Hot-Spot remote control 
observation. Ideal for use where 
heat, pressure or Hot Cell radia
tion are problems ... the peri. 
scope offers unsurpassed clanty 
and definition, true color, and a 
long, maintenance-free service 
life. Attachments are available 
for photo recording all viewed 
material. 

With our wide experience in 
this field, we probably have 
a design to fit your viewing 
problem. Send for Bulletin 301 

NORTHAMPTON, MASSACHUSETTS 

W ith the launching by the 
U.S.S.R. of its second artificial 
satellite, weighing half a ton 

and carrying the first living being into 
space-a little dog named Laika-scien
tists the world over were ready to accept 
the age of space travel as already born. 
A rocket shot to the moon seemed im
minent. Experts estimated that the pro
pulsive power which launched Sputnik 
II would be sufficient to take a payload 
of more than 100 pounds to the moon. 

Although the U.S.S.R. gave out no 
details on its rockets or the instruments, 
it was plain that its scientists and engi
neers had achieved radical advances 
both in rocket propulsion and in instru
mental control. An official statement on 
the second satellite, issued through the 
Soviet news agency Tass, said: 

"Commenting on the launching of a 
second earth satellite, Academician Di
kushin, a noted authority on mechanics, 
said that a multistage carrier rocket of 
a new design with foolproof precision 
controls had to be used for putting the 
satellite into its computed orbit . . . .  

"The increase in the satellite's size 
to provide for a large number of measur
ing and telemetering instruments, and 
even for an animal passenger, necessi
tated the development of improved new 
instruments and sources of power. 

"The new Soviet step into cosmic 
space is a tremendous contribution to 
world science. 

"Astronomers and geophYSicists will 
be greatly assisted by an instrument 
placed in the satellite for the study of 

SCIENCE AND 
the shortwave spectrum of solar radia
tion. This radiation directly affects the 
physical state of the upper layers of the 
atmosphere and specifically the iono
sphere. 

"All these studies will give us a deep
er insight into solar activity and enable 
scientists to trace the links between solar 
phenomena, particularly chromospheric 
eruptions, and increases in the intensity 
of shortwave radiation. 

"The sputnik carries a special installa
tion for the study of primary cosmic 
rays which scientists have been unable 
to study on earth because they change 
considerably in passing through the at
mosphere. 

"Now they will be able to delve deep
er into the nature of these rays and the 
properties of atomic nuclei and clear up 
the origin of cosmic radiation which is 
now believed to be connected with su
pernova flare-ups. 

"The satellite will undoubtedly pro
vide valuable data on the distribution 
of chemical elements in the universe 
which, in turn, will throw more light 
on the universe's origin. 

"Academician Andreyev, an expert in 
acoustics, said that it was now clear to 
all that it was not a question of an 
isolated breakthrough but of a solid 
mastering of a new branch of science 
and engineering, the importance of 
which it was difficult to overestimate 
even today. 

"Astronomer A. Masevich pointed out 
that the new satellite approached in 
weight and in distance from earth the 
'real' celestial bodies forming part of 
our system and known as the smaller 
bodies of the solar system. 

"She added that the data received by 
scientists with the help of the satellite 
would throw new light on many aspects 
of physics. " 

The vital statistics of Sputnik II, as 
indicated by the early reports, were: 

The launching took place at about 
6:38 a.m., November 3, Moscow time 
(10:38 p.m., November 2, Eastern 
Standard time). The rocket started at a 
higher first-stage speed than Sputnik I 
and reached an average of 17,895 miles 
per hour in its orbit, some 500 miles 
higher than Sputnik I at the farthest 
point. The satellite apparently was a 

rocket-shaped vehicle representing the 
final stage of the launching rocket. It 
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THE CITIZEN 
was said to be cone-shaped with "rather 
complex" dimensions and a length 
"many times" its width. 

It weighed 1,120.29 pounds and in- I 
cluded batteries, radios and instruments 
for measuring X-rays and ultraviolet rays 
from the sun, as well as temperature and 
other conditions. It also bore, in a sepa
rate, air-conditioned compartment, a. 
small, hardy female dog related to the 
Siberian Husky. There were instruments I 
for recording and relaying via radio the ' 
passenger's pulse, blood pressure and 
respiration, and a device for feeding it a 
rich liquid diet. 

Sputnik II's orbit, like Sputnik I's, 
was inclined 65 degrees to the Equator. 
It made a circuit of the earth in 10S.7 
minutes. The closest approach to the 
earth (perigee) was variously estimated 
at 100 to 200 miles, and the highest 
point (apogee) was given in a Soviet 
announcement as 1,056 miles. 

Radio information was again supplied 
by two transmitters broadcasting at 
20.005 and 40.002 megacycles. The low
er frequency transmission was divided 
into .S-second beeps separated by equal 
pauses; the higher frequency was a con
tinuous signal. 

Nobel Prizes 

The Nobel science prizes for 1957, 
worth about $42,000 each, were giv

en in medicine and chemistry for 
achievements of earlier years and in 
physics for a discovery barely out of the 
headlines. 

The physics winners, among the 
youngest men ever to receive a Nobel 
award, were the Chinese-born theoreti
cal physicists-Chen Ning Yang, S4, of 
the Institute for Advanced Study, and 
Tsung Dao Lee, SO, of Columbia Uni
versity-who challenged the "law" of the 
conservation of parity and suggested the 
experiment which proved they were 
right [see "The Overthrow of Parity," 
by Philip Morrison; SCIENTIFIC AMERI
CAK, AprilJ. A whole series of experi
ments since then has shown that parti
cles involved in "weak interactions," 
such as beta-decay emissions, are not 
symmetrical but have an innate right- or 
left-handedness. 

The Nobel prize in chemistry was 
awarded to the 50-year-old British or
ganic chemist Sir Alexander Todd for 

New trends and developments 
in designing electrical products • • • 

General Electric permanent magnet 
outperforms wire-wound field in 

D-C tachometer generator 

Improved Alnico 6 magnet increases 
reliability and accuracy over wide 
ambient temperature range. 
Instruments can determine rota
tional speeds from 100 to 5000 rpm 
with an error of less than .05% -
despite ambient temperatures of 
20° to 50° C. Problem is that these 
instruments are only as accurate 
as the tachometer generators that 
supply their power. 

,Conventional generators use cop
per windings. This means they are 
dependent on external - and often 
varying - power sources. They are 
adversely affected by wide temper
ature changes. And, they are costly 
to repair when windings burn out. 

The 46-frame D-C generator, 
above, gets around these difficulties 
by using a G-E Alnico 6 permanent 
magnet. Here's why: 

1. The G-E Alnico magnet does not 
depend on outside excitation. 

2. It supplies reliably constant 
power. 

3. Exposure to varying ambient 
temperatures does not affect the 
magnet's power or dependability. 

4. External regulating equipment 
-needed with wire-wound fields 
-is eliminated by the use of 
Alnico magnets. 

5. Unlike copper windings, per
manent magnets never wear out. 

These advantages, in themselves, 
were enough to make the magnet
powered generator a success. 

However, with conventional Al
nico 6, plastic-steel was needed 
between the "as-cast" surfaces of 
the magnet and the machined parts 
of the generator to cut eddy current 
losses, and to shield the flux. This 
added to the time and cost of pro
ducing the generator; made it almost 
impossible to disassemble for 
normal servicing and maintenance. 

So G - E  magnet engineers in
creased the coercive force of the 
Alnico 6 magnet by about 7%. The 
need for the plastic-steel "mud" 
was eliminated . and so were 
the difficulties of assembly and 
disassembly, 

This generator is just one of the 
many applications where G-E mag
nets can outperform wire - wound 
fields for accuracy and reliability. 
And the work of G-E Magnet 
Engineers in improving Alnico 6 
is just one of the many services 
they offer to designers and manu
facturers of electrical products. 

For more information about G-E 
magnet engineering services, or for 
your copy of the new G-E Magnet 
Design Manual, write: Magnetic 
Materials Section of General Elec
tric Company, 7810 N. Neff St., 
Edmore, Michigan. 

1+o$ress Is Our Mosf Imporft1l1f Protlut:f 

GENERAL fI ELECTRIC 
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You ca n't-if you 
are a manufacturer 

and it is a sample of 
your inventory's condi

tion. Tha t's why needle 
makers and users, and pro

ducers of a wide variety of 
other products fight process, 

plant and warehouse humidity 
excesses with Lectrodryers. 

Atmospheric moisture is seldom 
seen, but it's deadly dangerous. It plays 

hob with a lot of things in a lot of industries
slowing operations to a standstill, causing con
tamination, corrosion, spoilage, discoloration. 
Moisture can be a headache, too, in processes 
using organic liquids, compressed air or gases. 

For a quarter-century, now, standard and 
custom-engineered Lectrodryer* systems have 
been taming troublesome humidity. Moisture 
control can be automatic, functioning continu
ously year after year-dependably, economically. 
Regardless of your need, there's a Lectrodryer 
for the job. 

Because Moisture Isn't Pink gives typical 
examples of humidity problems solved by Lectro
dryer. For a copy, write Pittsburgh Lectrodryer 
Division, McGraw-Edison Company, 336 32nd 
Street, Pittsburgh 30, Pennsylvania. 

Lect�,."."""""�yer 
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his pioneering work on nucleotides. 
These substances make up most of the 
coenzymes which power biochemical re
actions, and are also the building blocks 
of nucleic acid, the genetic material. 
Nucleotides are complex combinations 
of bases known as purines and pyrimi
dines with sugars that contain phosphate 
groups. Todd, who is professor of chem
istry at the University of Cambridge, 
was the first to synthesize a number of 
important nucleotides, including adeno
sine triphosphate (ATP) and adenosine 
diphosphate (ADP) . He has also done 
fundamental research on the structure 
of nucleic acids. 

Winner of the Nobel physiology and 
medicine prize was a Swiss-born phar
macologist, Daniel Bovet, also 50, of the 
Istituto Superiore di Sanita in Rome. 
Bovet was one of the early students of 
antihistamine compounds and discov
ered their chemical structure. Then he 
turned to the problem of muscle relax
ants. He analyzed the Brazilian arrow 
poison, curare, and synthesized hun
dreds of compounds with similar physio
logical effects. Out of this work has come 
the widespread use of succinylcholine 
as a muscle relaxant in surgery. Current
ly Bovet is interested in the chemistry 
of the brain and its relation to mental 
illness. 

I.A.E.A. 

The International Atomic Energy 
Agency last month began its active 

life with a meeting of the 55 member 
nations in Vienna. U. S. Congressman 
W. Sterling Cole was appOinted direc
tor general for a four-year term. Pavel 
Winkler of Czechoslovakia was elected 
chairman of the board of governors. At 
the meeting Portugal offered to make 
available to the agency 220,000 pounds 
of uranium ore, which would yield 
about 1,600 pounds of metal. Previous
ly the U. S. had said it would supply 
11,000 pounds of uranium and the 
U.S.S.R. had offered llO. 

/obseekers 

Most physics graduate students seem 
to be ignoring the offers of per

sonnel recruiters for U. S. industry in 
favor of academic life, even at a sacrifice 
of up to $2,000 a year in salary, accord
ing to a recent survey. The survey, based 
on records of the placement service of 
the American Institute of PhYSiCS, was 
carried out by J. N. Cadel (a physicist) 
and C. A. Peters (a psychologist) and 
reported in Physics Today. 

According to the applications to the 
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SILICONE NEWS
, 

"Make Better" with 
• 

it Silicones 
• Longer lasting cosmetics made with 

water repellent silicones 

• Silicones improve appliance finishes 

• Better packaging with silicone 
coated papers 

SOMETHING OLD, SOMETHING NEW, something familiar but different, too ... 
this is the range of products being improved with Dow Corning Silicones. Why 
make it better with silicones? Lower production costs for one reason. But 
as these current examples indicate, silicones also help create more customer 
satisfaction, more sales. 

LO NGER LASTING LOTIONS -

Yesterday: no matter how often Mrs. 
Consumer applied hand lotions, her 
skin was still vulnerable to house
hold detergents and cleaners. 

More and more, at cosmetic counters 
everywhere, you hear Mrs. Consumer 
say, "I'll take the one with silicones." 

NEW APPLIANCE "SALESMAN"
The familiar refrigerator display cases 
in our supermarkets have long had a 
coating equally familiar . . . porce
lain. Now, there's something new 

under the fiuorescents ... chip resist
ant silicone enamels. 

A major producer of these display 
cases, Scherer-Gillett of Marshall, 
Mich., reports that their silicone 
finished cabinets stay new looking 
longer ... do a better job. The sili
cone enamel-Nubelon S, made by 
Glidden - has excellent color reten
tion; withstands more abuse from 
shopping cart impacts, food stains, 
and abrasive cleaning compounds. 
A vailable in several attractive colors, 
the silicone enamels enable Scherer
Gillett to produce cabinets that weigh 
less, cost less to ship, and are easier 
to handle and install. 

Next major area of application for 
enamels made with silicone resins? 
Right now they're rapidly gaining 
favor in the home appliance market. 

PACKAGING STICKY PRODUCTS? 
Then consider the new silicone coated 
papers and paperboards now avail
able. Virtually nothing will stick to 
these new packaging materials, thanks 
to the anti-adhesive silicone coating 
developed by Dow Corning. Applied 
at the mill, the silicone coating makes 
it possible for users of paper bags, 
boxes and wrappers to get even the 
stickiest products out of containers 
without waste. Producers of rubber, 
asphalt, adhesives, sticky foods . . • 

all can now offer their customers 
greater convenience and ease of han
dling at little or no extra cost. In the 

photo you can see how adhesive tape 
flicks off a silicone coated interleav
ing paper while clinging to an un
treated paper. 

Today: the cosmetic industry is mar
keting longer lasting and more pro
tective beauty preparations made with 
Dow Corning Silicones. Already an 
accepted ingredient in sun-tan oils, 
hand creams and baby lotions, the 
silicones turn back water like an in
visible glove ... help keep the sooth
ing ingredients on the skin longer. 

FOR MORE INFORMATION on any of these silicone products 

or applications, write Dept. 9824 

Latest survey found most name cos
metic houses evaluating silicones for 
products ranging from hair sprays to 
foot ointments. And they're telling 
their customers about silicones, too. 

Do"" Corning CORPORATION 
MIDLAND. MICHIGAN 

ATLANTA BOSTON CHICAGO CLEVELAND DALLAS DETROIT LOS ANGELES NEW YORK WASHINGTON. o. C. 
c ... I'\I ... O .... , DOW CORNING SILICONES "TO . TORONTO GREAT ."ITA'I'II, MIOL"NO SoH.leONES LTD . LON�ON """'NCE'ST C08A.IN, PARIS 
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Callery's new Alkyl Boric Acids 
generate a host of exciting 
product developnlent ideas 

These new organoboron compounds--dodecyl, nonyl and chloro
propyl boric acid-are now available in development quantities for 
the first time. They are relatively stable to oxidation in air, are 
mild reducing agents-reduce silver ion to silver-and undergo 
reactions typical of acids, i.e. ester formation. 

Of special interest are their bacteriostatic, fungistatic and 
surface-active properties. 

Some patented uses are: as intermediates for the formation of 
organic-inorganic polymers, as gasoline additives, and as stabilizers 
for aromatic amines. 

Exploration of further new applications continues at Callery. 
Meanwhile, we'd like to talk about the potential of these acids in 
your processes or products. Write or call us for specific information 
on Alkyl Boric Acids or any of the other compounds listed below. 

P.S.-See us at the Chem Show-Booth 918-920. 

Phone: FOrest 4-1130 TWX: Perrysville, Pa. 117 

BOROHYDRIDES • ALKYL BORATES • BORON HYDRIDES • AMINE BORANES 
ALKALI METAL HYDRIDES • BOROXINES • HICAL® HIGH ENERGY FUEL 

CHEMICAL COMPANY 
PITTSBURGH 37. PENNSYLVANIA 

placement service, 40 per cent of the 
graduates preferred a job in a university, 
18 per cent in other institutional work, 
8 per cent in government and 34 per cent 
in industry. On the other hand, jobseek
ers with only a B.S. degree overwhelm
ingly preferred work in industry. 

Underground Power 

By mid-1958 New Zealand will have 
the world's first big electric power 

plant driven by volcanic steam. The 
steam will come from the Lake Taupo 
area of North Island, one of the earth's 
few geothermal regions. There, as in 
Yellowstone National Park and parts of 
Iceland, the water table comes in con
tact with hot subterranean rocks, pro
ducing geysers, steam jets and pools of 
boiling mud. 

New Zealand, which leads the world 
in per capita consumption of electricity, 
has turned to geothermal energy to meet 
a crisis in power supply. With little coal 
and no petroleum, the island has been 
relying on hydroelectric power, but this 
will not long provide for the population, 
now growing at the phenomenal rate of 
2 per cent per year. Volcanic steam, it 
seems, is the perfect answer to New 
Zealand's problem. Not only is it avail
able near big cities, but it can be tapped 
anywhere over an area of more than 
3,000 square miles. One small test-bore, 
according to a report in Science, already 
produces 130,000 pounds of water and 
steam per hour. Its roar can be heard 
four miles away. 

The power plant, which will turn out 
69,000 kilowatts, will be built for the 
government at a cost of six million 
pounds. It will utilize dry, superheated 
steam from high-pressure bores. If wet 
steam and hot water also can be used, 
its output may rise to 250,000 kilowatts. 

Heart Trouble 

Coronary disease is not rising as rap-
idly in the U. S. as has been 

thought, nor can it be clearly attributed 
to diet as a major cause, according to 
some recent studies which were reported 
last month. 

Edward A. Lew, a Metropolitan Life 
Insurance Company actuary and statis
tician, discussed mortality figures in the 
Journal of Chronic Disea.ses. He de
cided that the supposed 50 per cent in
crease in the U. S. coronary death rate 
in the past two decades could be ac
counted for as follows: 30 per cent of 
the increase is due to the greater pro
portion of old persons in the population; 
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WhO'S the big wheel in inertial navigation? 
Taking a ride on the clockwork of the 
universe .. . drawing on information 
sealed in at departure ... free from 
jamming or any other remote inter
ference-inertial navigation can guide 
self-powered vehicles, vessels or mis
siles to any spot on earth or beyond. 

Several leading firms helped de
velop inertial navigation. However, 

ARIWA was selected to design and 
produce the guidance system for Titan 
-America's newest intercontinental 
ballistic weapon. 

That fact helps spell out the calibre 
of the brains, the imagination, and 

the production skills that ARIWA 

brings to bear on problems in ad
vanced mechanical, electromechan
ical and electronic systems. ARIWA ... 
Garden City, N. Y. A Division of 
American Bosch Arma Corporation. 

There are challenging employment opportunities in inertial navigation at ARlWA 

AIWERICAN BOSeH ARJWA CORPORATION 
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The pcincipie 
of the. i • • •  JJi:71(f}jJ[b 

A N A L Y Z E R 
• • . ,. MAr SOL \IE;: A .. PROBLEM FOR YOUI 

# 1 Safety Factor for Jet Engines • • • the ONLY 
Tester for EXACT HEAT and R.P.M. Measurement 

The HEATER PROBE simulates operating temperatures on 

the engine's thermocouples. An embedded thermocouple in 

the Heater Probe accurately reads temperature on the ... 

"TA'POT' slide wire POTENTIOMETER with infinite 
resolution, a field instrument of laboratory accuracy. The 

manually operated, direct reading Ta'Pot's versatility and 

unique features open an entirely new field for the electronic 

designer, engineer and instrument manufacturer. 

The Light-Beam GALVANOMETER, extremely sensitive 

(shock resistant to 25 G's ), is coupled with the TA'POT for 

highest accuracy reading. 

The JETCAI. 
Tests EGT System 
Accuracy to ±4° C 

at Test Temperature 
(FUNCTIONALLY. WITHOUT 

RUNNING THE ENGINE} 

Tests RPM Accuracy 
to 10 RPM in 
10,000 RPM 

(±0.1%l 

ANALYZES JET ENGINES 1 0 WAYS: 
I} The JETCAL Analyzer fui,ctionally tests 
EGT thermocouple circuit of a jet aircraft or 
pilotless aircraft missile for error without 
running the engine or disconnecting any wir
ing. GUARANTEED ACCURACY is ±4°C. at en
gine test temperature. 

2} Checks individual thermocouples "on the 
bench" before placement in parallel harness. 

3} Checks thermocouples within the narness 
for continuity. 

4} Checks thermocouples and paralleling 
harness for accuracy. 

5} Checks resistance of the Exhaust Gas 
Temperature system. 

6} Checks insulation of the EGT circuit for 
shorts to ground and for shorts between leads. 

7} Checks EGT Indicators (in or out of the 
aircraft) . 

8} Checks EGT system with engine removed 

from aircraft (in production line or overhaul 
shop). 

9} Reads jet engine speed while the engine is 
running with a guaranteed accuracy of ±O.l% 
in the range of O-lJO% RPM. Additionally, 
the TAKCAL circuit can be used to trouble 
shoot and isolate errors in the aircraft tachom
eter system. 

IO} JETCAL Analyzer enables engine adjust
ment to proper relationship between engine 
temperature and engine RPM for maximum 
thrust and efficiency during engine run (Tab
bing or Micing). 

ALSO functionally checks aircraft Over
Heat Detectors and Wing Anti-Ice Systems 
(thermal switch and continuous wire) by 
using TEMPCAL Probes .. Rapid heat rise . . . 
3 minutes to 800"F! Fast cycling time of 
thermal switches ... 4 to 5 complete cycles 
per minute for bench checking in production. 

IYril!', wire or pholle 

jar complete injorlllation. 
B & H INSTRUMENT CO .• INC. 
3479 West Vickery Blvd., Fort Worth 7, Texas 

�;" 1Ji1n" �� - " , � E ' ��7S I VALLEY $TREAM, l. I. , N. Y.: 10850. franklin • lOcu,tl-9220 
I.'�fn!/;neerln!/ Ollke$! DAYTON, OHIO: 209 Commercial Building • Mlchiga., 4563 

. ,  COMPTON, CAliFORNIA: 105 N. lI,odll.ld Street • NE ·6-8970 
Wi 

ENGLAND: Bryans Aeroquipment Ltd. (Licensee), 15, Willow Lane, Mitcham, Surrey 

40 per cent to more accurate classifica
tion of the causes of death, and most of 
the remaining 30 per cent to a broader 
concept of coronary disease and better 
diagnosis. Lew concluded that the real 
increase in mortality from coronary dis
ease was less than 15 per cent. 

George V. Mann, a Massachusetts 
physician, pointed out in an article in 
the Amedcan Joul'I1al of Medicine that 
reports of sudden deaths as due to causes 
such as cerebral hemorrhage and heart 
failure in chronic kidney disease have 
decreased substantially in the past 15 
years; he concludes that many deaths 
formerly attributed to these causes are 
now chalked up to coronary disease. 
Mann also observes that while coronary 
mortality in some European countries 
dropped during the fatless diet period 
of World War II, other countries in the 
same situation showed no decrease. Fur
thermore, the death rate in England be
gan to rise again before fats were re
stored to the national diet. 

A committee of the American Heart 
Association, after reviewing the myriad 
studies on dietary fat, came to the con
clusion that "the evidence does not jus
tify a rigid stand on what the relation
ship is between nutrition, particularly 
the fat content of the diet, and athero
sclerosis and coronary heart disease." 

Witchweed �out five years ago farmers in North 
and South Carolina began to be 
troubled by a mysterious "dis

ease" that stunted and wilted their corn. 
Last year a student from India, examin
ing some affected corn plants sent to the 
North Carolina State College, discov
ered the cause. He recognized a para
sitic plant attached to the corn roots-a 
parasite which is notorious in India, 
Burma, Australia and Africa as a de
stroyer of grain crops. The pest, not 
previously found in North America, is a 
handsome little plant with red Rowers 
which is called witchweed. 

The seed of the witchweed lies dor
mant in the ground until the root of a 
grass plant such as corn comes near it. 
Some substance from the root then 
arouses the seed: it germinates and 
pushes a root of its own into the juicy 
corn rootlet. For four to six weeks it 
sucks juices and plant foods from its 
host; then it sends green shoots above 
ground and produces blossoms and seed 
pods. 

Once witchweed has infested an area 
it is hard to eradicate, for a single plant 
can produce 50,000 to 500,000 tiny 
dustlike seeds, and the seeds can lie 
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MANY steelmakers and chemical processors who use oxygen or 

nitrogen obtain these gases from on-site facilities built, oper
ated, and maintained by LINDE. Operating efficiently and safely 
for more than ten years, these installations prove tl�at industrial 
users can economically obtain tonnage quantities of atmospheric 
gases from LINDE on-site plants. No capital investment is required 
from the user, and the price for oxygen is guaranteed by LINDE. 
The savings resulting from such planning are quickly appal·ent. 

The eXU'eme cold developed in LINDE on-site plants-lower than 
300 degrees below zero F.-is an additional "raw material" for 
low-temperature processing. And, every LINDE customer shares 
the benefits of LINDE's research, development, 
and service in the industrial gas field. 

Whether your application is of bench scale, 
for a pilot plant, or for hjgh-volume produc
tion, you can save by utilizing the flexible 
facilities of LINDE. You can obtain LINDE gases 
in liquid or gaseous form ... by tank car or tank 
truck . . .  in manifolded cylinders or in a single 
cylinder .. . or from an on-site plant. 

For more than 50 years, LINDE has been sup
plying oxygen and other gases when, where, 
and in the amounts wanted. FOl: further infor
mation, write Dept. R·12. LINDE COMPANY, Divi
sion of '-Union Carbide Corporation, 30 East 
42nd Street, New York 17, N. Y. Offices in other 
principal cities. In Canada: Linde Company, 
Division of Union Carbide Canada Limited. 
The terms "Linde" and "Union Carbide" afe registered trade.marks 
of Union Carbide Corporation. 
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MIT L I N C O LN L A B O RAT ORY 

conceives and develops new techniques 

for defense against air attack. Additional 

qualified 

physicists 
• englneers 

rna therna ticians 
are needed to devote their intelligence 

to this critical and intricate work. 

MIT 
RESEARCH and DEVELOPMENT 

LINCOLN LABORATORY 
BOX 18 

LEXINGTON 73, MASSACHUSETTS 

HEAVY RADARS 

MEMORY DEVICES 

TRANSISTORIZED DIGITAL COMPUTERS 

SCATTER COMMUNICATIONS 

SOLID STATE 

AEW (air-borne early warning) 

SAGE (semi-automatic ground environment) 

SYSTEMS ANALYSIS 

dormant in the soil for as long as 20 
years until they find a host. South Afri
can farmers, who have had long experi
ence with the weed, find the best solu
tion is to grow trap crops, such as pea
nuts and certain legumes, which make 
the witch weed seeds germinate without 
supporting their growth; the farmers 
plow the plants under before the witch
weed seedlings can bloom and produce 
new seeds. Another method of control is 
a chemical spray such as 2,4-D. 

Fortunately witchweed does not 
spread rapidly. The infestation in the 
Carolinas probably originated as long 
as 10 or 15 years ago, in the opinion of 
A. R. Saunders, a South African expert 
on the subject. Agricultural agents have 
quarantined the affected counties in the 
Carolinas and started a campaign to 
eliminate the weed. Research teams in 
the laboratories of the U. S. Department 
of Agriculture in Beltsville, Md., and at 
Clemson Agricultural College in South 
Carolina and North Carolina State Col
lege are investigating potential controls 
such as soil fumigants, herbicides and 
crop rotation. They anticipate a long, 
slow battle with witchweed. For the 
present, control depends priniarily on 
the farmers. 

Moth Ear 

Nature has a connectedness that is 
sometimes astounding. The ultra

sonic cries that bats use for echo-loca
tion, for instance, would seem to be of no 
concern or use to anybody but the bats. 
It now develops, however, that these 
high-pitched beeps also act as a warning 
to moths on which the bats prey! 

Kenneth D. Roeder of Tufts Univer
sity and Asher Treat of the City College 
of New York made this discovery. They 
exposed the hearing organ of the south
ern army moth, a favorite food of in
sect-eating bats, and connected it to 
electrodes. Stimulation of the moth ear 
then was signaled by spikes on an oscil
loscope. The scientists released a bat 
to fly around the room. Although they 
could hear nothing, because the bat's 
cries are above the frequency range of 
the human ear, the oscilloscope showed 
volleys of spikes from the nerve re
sponses of the moth's ear. The ear also 
responded to the sounds of a Galton 
whistle (the "silent" dog whistle). 

The investigators found that the moth 
ear is beautifully adapted to hearing and 
locating high-pitched sounds. Unlike 
the ear of most other animals, even of 
insects, the moth's ear has only two re
ceptor cells, one reacting more slowly 
than the other. It apparently hears only 
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Fresh approach to packaging 

T his housewife is wrapping meat for her freezer 

with paper that's been coated with Tenite Poly

ethylene plastic. 

T he polyethylene coating makes this an ideal 

"freezer wrap." It's a tough wrap that doesn't crack 

even when sharply creased or folded. Low tem

peratures that would embrittle paper alone, have 

no effect on the polyethylene coating, for this plas

tic retains its flexibility many degrees below zero. 

Sharp bones that would readily puncture paper, 

find it a much tougher job to pierce paper reinforced 

with a coating of polyethylene. And being resistant 

to the transmission of water vapor, the plastic coat

ing prevents loss or gain of moisture, protectiI.lg the 

quality of the contents. Finally, the polyethylene 

coating means a wrapping paper that can be heat

sealed for quick and easy closing of the package. 

Tenite Polyethylene has helped improve prod

ucts in many different fields. The same plastic that 

protects the food you eat, also is used to make pipe, 

squeeze bottles and safe, resilient toys ... clear or 

colored film for packaging and home building ... 

electrical insulation and numerous molded prod

ucts for industry. 

Perhaps you have a product that could be given 

new sales features, longer life or improved 

performance if made of Tenite Polyethylene. For 

more information on this versatile plastic, write 

EASTMAN CHEMICAL PRODUCTS, INC., subsidiary 

of Eastman Kodak Company, KINGSPORT, TENN. 

POLYETHYLENE 
an Eastman plastic 

1932-EASTMAN'S 2'STH YEAR IN PLASTICS-.19S,{ 

"White Bear" freezer paper, 
coated with Tenite Polyethylene, 

is a product of Ludlow Papers Inc., Homer, Louisiana. 
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no beeps 
.just clicks 

This is probably about the most groundborne relay ever built by Sigma. Since 

its leviat:l;)n specifications include a brutish size of 3�':t x 2�ln/l x 2�S2" and 

a weight that can reach % of a pound ( even bigger and heavier when her

metically sealed ) , it's exceedingly doubtful that it will ever fly, orbitally or 

otherwise. Since that kind of quick fame is out of the question, the "61" 

should be able to do some other - though less timely - sort of job. It can, 

and here's where you product designers can start paying close attention. 

The 61 is a poLuized DC power contactof, with fOllr separate heavy-duty 

contact circuits ( DPDT only) for switching up to 20-arnpere resistive loads in 

response to momentary V,1 to lh watt signals. Two switching forms are avail

able: Form Z, magnetic latch -in, single or dual coils, and Form Y, magnetically 

biased, single coil. For special jobs, center-stable 61's can also be built 

( Form X). Since the Form Z types latch firmly in either of two positions by 

magnetic means, there are no mechanical wearing surfaces; the one part that 

does move uses miniature ball bearing pivots. 

POLARIZED L.ATCHING CONTACTOR 

Some of the places we'd expect the 61 to be particularly 

useful include machine tool control panels, battery - powered 

control systems, and other equipment where big fat loads 

must be dependably switched by comparatively meager 

signals, in the presence of contact-disturbing shakes, shocks 

and rumblings. Space and money can also sometimes be saved 

by a 61, in replacing a pilot and slave relay combination 

where 225 - 450 rnw. signals have to controll to:2 kw. loads. 

Series 61 relays are quite easy to order, once yon master Sigma's international, 

a11- encompassing system of code designation ( readable east to west, north to 

south, without binoculars ) . Example: 61FZ2A2B - 200 - GO SC = an unen

closed latching DPDT 61 with 200 - ohm dual coils and silver alloy contacts. 

Bulletin, on request, explains all this and more. 

SIGMA INSTRUMENTS, INC. 
40 Pearl Street, South Braintree 85, Massachusetts 

noises ranging from sibilant sounds such 
as the rustling of grass and birds' whis
tling to ultrasonic vibrations inaudible 
to man. Moths can probably detect a 
bat coming at them when it is still about 
10 feet away. They may also be able 
to hear the sounds of predatory mice 
and birds. 

That is not all. Nature's wheels within 
wheels go on without limit. Treat found 
that there is a parasitic mite which lives 
on this moth, and it finds the moth's 
ear especially nourishing. But it never 
eats both of a moth's ears-only one. If 
it deafened the moth, its host would 
become easy prey for bats, so the re
markably adapted parasite leaves the 
moth with some hearing for its own pro
tection. 

Nuclear Operating Procedure 

Nuclear power plants will soon be in 
regular operation in the u. S. What 

will running them be like? Engineers 
of the Westinghouse Electric Corpora
tion's atomic power division have given 
in a company house-organ a preview of 
the procedures for operating the pres
surized-water reactor plant now nearing 
completion in Shippingport, Pa. 

Starting up a cold nuclear plant takes 
about eight hours, as against five or six 
for a coal-fired plant. It will take half 
an hour to pull out the control rods 
gradually so that the reactor does not 
overshoot the critical level. Then the 
core must be warmed very slowly, to 
avoid damaging its walls. 

A pressurized-water reactor tends to 
adjust its own reaction rate to the power 
being drawn from it. Nevertheless, it 
cannot safely be left unattended. The 
engineers suggest that the auxiliary 
equipment in the plant should have no 
more automatic controls than necessary. 
This will keep down capital costs and 
give work to the necessary stand-by 
crew. They estimate that the Shipping
port station will be manned by 81 men. 
A comparable conventional plant re
quires 66. 

A big problem in stopping and start
ing operations is occasioned by xenon 
135, one of the fission products. It has 
a gluttonous appetite for neutrons; con
sequently, when the reactor is restarted, 
xenon eats up so many neutrons that the 
control rods must first be pulled far out 
to make the chain reaction go and then 
pushed back in quickly as soon as the 
xenon is transformed to other elements 
with a less avid appetite for neutrons. 

Once a year or so the reactor's fuel 
charge must be replaced. The process 
requires about a week, the authors say. 
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Radio Engineering Laboratories-Inc_ 
A subsidiary of DYllallfics Corporatiolt of Auterica 

29-01 Borden Ave · Long Island City 1, NY 

STillwell 6-2100 • Teletype: NY 4-2816 
Canadian representative: AHEARN & SOPER co· 384 BANK ST. OTTAWA 

Detailed information and technical data on the 
tropospheric scatter radio equipment for four major 
projects has recently been published by RE L. 

Entitled Top name in tropo scatter, this manual 
describes the radio apparatus developed and 
manufactured by RE L for the first major project, 
Polevault; for the largest, White Alice; for 
AN/FRC-39; and for the Texas Towers, 
AN/FRC-56. 

If you have a specialized interest in this field, a free 
copy is yours for the asking from REL, world leader 
in tropo scatter equipment. 

Creative careers at REL await a few exceptional engineers. 

Address resumes to James W. Kelly, Personnel Director. 
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Correct Lubrication in Action ... 

$13,388 saved • In 6 months 

Mobil 
...... -�...-� 

Vulcanized Rubber and Plastics Company has 
been engaged [or 75 years as a leader in preci
sion molding and extrusion of hard and soft 
rubber-injection molded thermoplastic, and 
reinforced plastic parts for major industries 
and, in addition, is one of the world's largest 
manufacturers of combs. """'-

SOCONY MOBIL 
Leader in Lubrication for over 92 years 
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in the Rubber and Plastics Molding Industry 

on maintenance, 
material, man-hours! 

How the Vulcanized Rubber and Plastics Company made this 

substantial saving with the help of Socony Mobil I 

In just six months the Vulcanized Rubber and Plastics 

Company has saved twice the total value of all its oils 

and greases purchased during the whole year of 19561 
BeginningJanuary, 1957, the company protected their 
Morrisville, Pennsylvania, plant with a Socony Mobil 
program of Correct Lubrication. 

Plant engineer and Mobil lubrication specialists 
concentrated all their efforts towards improving effi
ciency of the plant's 42 hydraulic systems. Hydraulic 
fluids were standardized ... filtering schedules set up 
... regular maintenance periods established. Periodic 

Mobil laboratory reports helped check oil quality 
and efficiency of filtration system. 

Savings were swift and sizable. Downtime dropped 
sharply. Hundreds of repair and maintenance man
hours were eliminated ... material costs cut. In total, 
$13,388 saved on the plant's hydraulic systems. 

This is Correct Lubrication in Action. The cost
cutting program that devotes Mobil specialists, Mobil 
facilities, and Mobil's 92 years of lubrication experi
ence to assure utmost protection and full service life 
from every Mobil product. 

SUMMARY OF SAVINGS ACHIEVED THROUGH CORRECT LUBRICATION 

* $1,628 saved on hydraulic oils-Following Mobil recommendations, plant replaced 

eight different hydraulic oils with only two Mobil products. This improved dispensing 

control ... simplified reclamation ... cut application time. 

* $2,400 saved on hydraulic system maintenance-Before Mobil program, 

maintenance on hydraulic pumps, screens and valves in the injection molding 
department required two men on full-time basis. Program has proved so effective that 

equipment today requires only periodic inspection. 

* $100 per month saved on repair parts-Prior to Mobil program, shafts on 

Vane-type pumps were snapping due to contaminants wedging into close-tolerance 

clearances. Cleaner oil and regular application under Mobil program eliminated 

problem ... C).It repair parts cost $600 in 6 months. 

* $8,760 recovered on press room operation-Compared to same period in 1956, 

savings made in Vulcanized Rubber and Plastics Company's Press Room amounted to: 

$3,960 saved through elimination of downtime. $4,800 cut by reducing maintenance 

man-hours. Total-$8,760 saved in six months. 

Correct Lubrication A proved program to reduce 

manufacturing costs 

SOCONY MOBIL OIL COMPANY, INC., and Affiliates: MAGNOLIA PETROLEUM CO., GENERAL PETROLEUM CORP., MOBIL OVERSEAS OIL co., INC. 
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Bringing home the atom. Electricity will soon flow from 
the first full-scale nuclear power plant in America. This 
235-ton reactor vessel was designed and built with alloy 

steels and nickel alloys by Combustion Engineering, Inc. 
It will supply power for the 60,000 kilowatt Shippingport 
plant designed by Westinghouse Electric Corporation. 

I n  S h i p p i n g port ato m i c  reactor . . .  

I nconel nx" wi l l  keep n hungry water" 
on a starvation d iet 

" H u n g ry water" is the apt name 
for high-purity coolant that whirls 
through the super-hot core of a nu
clear reactor. 

It tries to feed on anything it 
touches ! 

Its immoderate appetite explains 
why the reactor for America's first 
full-scale commercial nuclear pow
er plant had to be designed and con
structed as it was-with core mount 
springs made of Inconel "X"';, age
hardenable nickel - chromium - iron 
alloy. 

Other spring materials would relax 

*Registcred trademark 

I N C a  

long before operating temperatures 
hit their peak above 500 ° F. Or they 
might fail completely from what is 
called "stress-corrosion cracking", or 
embrittlement. In either event, it 
would be impossible to make repairs 
because of radioactivity. 

I t  was this consideration that prac
tically dictated the choice of Inconel 
"X" alloy. An exceptionally tough 
spring material, Inconel "X" alloy 
stands up to heat . . .  corrosion . . .  
stress. In a lifetime of use, it's not 
expected to give "hungry water" a 
morsel of encouragement ! 

Have y o u  a m e tal  p ro b l e m  t h a t  
you'd like t o  "starve off", too? One 
where corrosion, high or low tem
peratures, stress or fatigue is causing 
trouble? Talk it over with us. And 
if your problem involves springs, as 
this  one d i d ,  write for our n e w  
Technical Bulletin T-3S. Containing 
complete design information on Inco 
Nickel Alloys for helical springs, it's 
sure to prove a valuable addition to 
your engineering reference files. 

The International Nickel Company, Inc. 
67 Wall Street �> New York 5, N. Y. 

N I C K E L A L LO Y S  
N I C K E L  A L L O Y S  P E R F O R M  B ET T E R  L O N G E R 

7 2  
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FUSION POWER 
If man can tame the reactions In which the nuclei of atoms are fused 

rather than split, he ,viII have an almost limitless source of energy. 

The problen1 is no"T being attacked in laboratories all over the \vorld 

T
he effort to "tame" the hydrogen 
bomb reaction-to harness the en
ergy of nuclear fusion for con

trolled power-is gaining momentum in 
many countries of the world. It is pro
ceeding quietly, behind a screen of offi
cial secrecy, but nonetheless vigorously 
and on a substantial scale. Every nation 
has come to recognize that this research 
effort may well be the most important 
in the history of mankind. The ultimate 
stakes are so high, for nations individu
ally and mankind collectively, that a 
growing sense of urgency and determin
ation is infusing the work of the several 
nations on this problem. 

The upsurge of our industrial civili
zation in the first half of the 20th centu
ry was founded upon fossil fuels-coal 

by Richard F. Post 

and oil. But there are many "have-not" 
nations, and even countries rich in these 
fuels are now seeing rapid inroads into 
their reserves. At this juncture uranium 
has come to the rescue as a hope for the 
future. Already electrical power is be
ginning to Bow from the first nuclear 
fission plants. The United Kingdom ex
pects to go over to fissionable fuels for 
most of its energy needs within a few 
decades, and many other countries are 
laying plans to follow suit; even the 
U. S., with its great reserves of coal, is 
spending hundreds of millions of dollars 
to prepare for turning to fission power 
at a not too distant date. 

The world's uranium and thorium, it 
is estimated, represent an energy reserve 
somewhere between 10 and 100 times 

larger than its remaining coal. Even so, 
fissionable fuels, too, are an exhausti
ble supply. At the rate at which the 
world's energy needs are expanding (the 
U. S. has doubled its electrical power 
requirements every eight years) practi
cally all of the economically recover
able uranium, as well as coal, might 
be exhausted within another century or 
so. Fission power also presents a more 
immediate problem: namely, disposal of 
its radioactive wastes. If the present 
power needs of the U. S. were all sup
plied by fission reactors, we would have 
to dispose each year of an amount of 
radioactive fission products equal to that 
from the explosion of 200,000 atomic 
bombs; by the year 2000, with increased 
use of power, the radioactive wastes 

HOT PLASMA (an electrically neutral mixture of positive ions 

and electrons) is seen as a bright horizontal line in this image· 

amplifier photograph. The gas is heated and constricted by the 

"pinch effect," produced by a current of 8,000 amperes. This e,.· 

peri me nt, using krypton gas at a pressure of two ten·thousandths 

of an atmosphere, was done at the Los Alamos Scientific Laboratory. 
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4 MEV 

3.25 MEV 

17.6 MEV 

p � o 
18.3 MEV 

FUSION REACTIONS which promise to be useful for production of power are shown 

schematically. At top two deuterons merge to form a tritium nucleus (triton) . Second is 

the equally probable reaction in which the deuterons form helium 3 and a neutron. Third, 

a deuteron combines with a triton to form helium 4 and a neutron. At bottom a deuteron 

fuses with helium 3, producing helium 4 and a proton. The amount of energy released in 

each reaction is listed at its right. Protons and neutrons are designated as "p" and "n". 
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would come to the equivalent of eight 
million atomic bomb explosions per year! 
It is clear that the problem of safe dis
posal of radioactive ashes and gases in 
the coming age of fission power will soon 
become staggering. 

All this helps to explain the drive, if 
not race, to find out whether thermo
nuclear power can be tapped and put to 
work. If the fusion reaction can be made 
to yield power, it will solve forever both 
the fuel supply problem and the problem 
of radioactive wastes. The basic fusion 
fuel, deuterium, is as inexhaustible as 
the oceans, and fusion produces no ap
preciable amount of radioactive by
products. 

The Fusion Reaction 

Nuclear fusion is not exactly a new 
phenomenon. It has been generating the 
power of the sun and other stars for 
billions of years, and physicists discov
ered the fusion reaction in the labora
tory before they did fission. But to create 
and control fusion power on the earth 
is a problem of a totally different order 
from harnessing fission. It is undoubted
ly the most difficult project ever pre
sented to scientists and engineers. This 
article is a report of the publishable 
progress made so far. 

In the 1920s and 1930s physicists 
working with particle accelerators found 
that by accelerating protons (hydrogen 
nuclei) and other light nuclei to high 
enough energies (many thousands of 
electron volts) they could break through 
the nuclear electrical repulsion and force 
the projectiles to fuse with light nuclei 
in a target. The fusion releases energy, 
because part of the mass of the fusing 
nuclei is transformed into energy ac
cording to Einstein's famous equation 
E=mc2. But in this sort of bombardment 
a great deal of energy has to be put in 
to make a few nuclei fuse. There can be 
no net yield of energy from fusion un
less it proceeds by a self-sustaining re
action, as, for example, in the interior 
of the sun. 

What is needed to produce a self-sus
taining reaction? Here it is apropos to 
compare fusion with fission. The fission 
chain reaction is analogous to the ex
plosion of TNT. A mechanical shock is 
sufficient to cause TNT to start explod
ing; the shock wave produced by frac
ture of its unstable molecules then 
touches off one molecule after another. 
Similarly in a fission chain-reaction the 
trigger for the successive fissions is sup
plied by neutrons, each fission releas
ing neutrons to attack more fissionable 
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IMAGINARY EXPERIMENT shows the results of heating deu

terium gas. At top left the gas is at room temperature and atmos

pheric pressure of 15 pounds per square inch. Heated to 5,000 de

grees centigrade (top right), the diatomic molecules have split 

10 form deuterium atoms and the pressure is 600 pounds per square 
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inch. When the temperature is raised to 100,000 degrees (bottom 

left), atoms are ionized, forming a plasma of electrons and deuter

ons. The pressure is 20,000 pounds. At a temperature of 100 million 

degrees (and a pressure of 22 million pounds) some deuterons can 

fuse, releasing energy, hut the reaction is still not self-sustaining. 
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uranium nuclei. In short, heat or kinetic 
energy plays no part in promoting the 
chain reaction. 

A continuing fusion reaction, in con
trast, is analogous to the familiar process 
of combustion. In ordinary burning, 
molecules combine (e.g., hydrogen with 
oxygen, forming water) , and their chem
ical reaction releases energy. To stick to
gether or fuse, the molecules must col
lide violently, which means the material 
must be heated. Three conditions are 
needed to burn a chemical fuel and 
harness its heat to do work: (1) the fuel 
must be raised to its ignition point; (2) 
there must be enough of it to sustain a 
continuing reaction; (3) the energy re
leased must be tapped in a controlled 
manner-e.g., to heat water or to drive 
a piston. Now precisely the same condi
tions are needed to make a nuclear fu
sion reaction go and do useful work. 
The great difference is that for a fusion 
reaction the ignition pOint is rather high 
-hundreds of millions of degrees centi
grade! 

This one condition-the attainment of 
which was quite unthinkable on the 
earth until recently-underlies all our 
problems. From it stems a whole train 
of formidable questions. Unfortunately 
it seems that no one crucial experiment 
will tell us whether a solution is possible, 
as the first fission chain reaction did. We 
shall have to go through a long series of 
experiments to solve one problem after 
another. Most of them have to do with 
(luantitative questions, that is, numbers. 
There never was a field in which the 
numbers were more imposing-or more 
important. 

The Fusion Fuel 

Our first concern is the fuel. The most 
interesting candidate is deuterium, a 
heavy isotope of hydrogen, found in or
dinary water. The nucleus of the deu
terium atom consists of one proton and 
one neutron. When two deuterium nu
clei (deuterons) collide with enough 
energy to fuse, one deuteron grabs either 
the proton or the neutron of the other
the chances are 50-50. If it fuses with the 
proton (freeing the neutron) , it forms 
helium 3, releasing about 3.25 million 
electron volts of energy. If it combines 
with the neutron (this time liberating 
its partner's proton) , it yields about four 
million electron-volts and becomes hy
drogen 3, or tritium, the radioactive iso
tope of hydrogen. A deuteron and a triti
um nucleus (triton) will fuse more 
readily than two deuterons, and this re
action releases more energy. Tritium is 
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are plotted for fusion of deuterium and tritium (top), deuterium and deuterium (middle) 

and deuterium and helium 3 (bottom). A barn is an area of 10-24 square centimeter. 

therefore another potential fuel for ther
monuclear reactors. It would have to be 
manufactured, however, as plutonium 
is, because there are only trace amounts 
of tritium in nature. One possible meth
od of breeding tritium is to expose lithi
um to slow neutrons: on capturing a 
neutron, lithium splits into tritium and 
helium 4. 

Complete "burning" of the deuterons 
and their products (tritium and helium 
3) in a thermonuclear cycle would pro
duce about seven mev (million electron 
volts) per deuteron burned. This corre
sponds to 43 million kilowatt-hours per 
pound of fuel. By comparison gasoline, 
one of the best chemical fuels, yields 
about six kilowatt-hours per pound. Al
though only a small fraction of the hy
drogen in natural water is deuterium, 
still the deuterium in one gallon of ordi
nary water has an energy content equiv
alent to 350 gallons of gasoline! The 

oceans contain enough deuterium to sup
ply the world with fuel for billions of 
years, even at a power demand 1,000 
times the present figure. For use in our 
atomic energy program in the U. S., ac
cording to published figures, we are al
ready producing an amount of deute
rium which would be sufficient to supply 
the nation's total energy needs many 
times over if it could be burned as fuel. 
The cost of extracting deuterium from 
water is low enough so that deuterium 
would be less than 1 per cent as expen
sive as coal as a fuel. And finally, the 
nuclear burning of deuterium and triti
um produces only inert gases, avoiding 
any problem of waste disposal. 

Deuterium, then, represents the "ulti
mate fuel." But its great promise is 
matched by the equally great difficulty 
of finding a way to burn it! 

The burning of thermonuclear fuel 
in an uncontrolled manner has been 
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FUSION-POWER OUTPUT of plasma at one ten-thousandth of 
atmospheric density is plotted against tern perature. Upper curve is 

for deuterium-tritium fusion; lower curve, for deuterium-deuterium. 

IGNITION TEMPERATURES, where nuclear power equals radi

ated power, are indicated by broken vertical lines for deuterium

tritium (upper clIrve) and deuterium-deuterium (lower curve). 

achieved with all too well known suc
cess in the hydrogen bomb. But the prob
lem of producing a controlled fusion re
action is quite different. Let us see what 
the necessary conditions are. The best 
way to do this is to follow an imaginary 
experiment. 

The Plasma 

We take a liter of deuterium gas con
fined in a vessel made of a mythical 
material which is capable of withstand
ing the enormous temperatures and pres
sures that will arise in the course of the 
experiment. At room temperature and 
normal atmospheric pressure the deute
rium gas-molecules are wandering about 
in the vessel with an average kinetic en
ergy of about one 25th of an electron 
volt, or a velocity of about 3,000 miles 
per hour. Of course no fusion reactions 
are taking place. Now we heat the gas 

to 5,000 degrees C. At this temperature 
we no longer have molecules: the vio
lence of their collisions has broken them 
apart into deuterium atoms. The pres
sure has risen to about 40 atmospheres 
(600 pounds per square inch) , and the 
average velocity of the atoms is about 
40,000 miles per hour. But we are still 
very far from the velocity needed to 
make two nuclei fuse. 

Next, let us jump to 100,000 degrees. 
The remarkable properties of the mythi
cal wall material are very much needed 
now, for any real material would long 
since have vaporized. Now the deute
rium atoms of the gas have been broken 
down to the electrically charged nuclei 
( deuterons) and electrons: in a word, 
the gas has become what is known as a 
plasma. The gas pressure has risen to 
1,500 atmospheres. The average velocity 
of the electrons is 10 million miles per 
hour, and even the much heavier deu-

terons are moving at the great speed of 
170,000 miles per hour. Yet the deu
terons still do not have sufficient energy 
effectively to overcome their mutual 
electrostatic repulsion. At this tempera
ture there would be only about one fu
sion in the liter of plasma every 500 
years! We still have a long way to go 
before we shall reach the ignition tem
perature of a mass of deuterons. 

At one million degrees, the rate of 
fusion reactions will increase more than 
a billion billion times, but the total en
ergy output will still be too small to be 
detected-only a few millionths of a watt 
per cubic centimeter. At 100 million de
grees, however, the reaction rate will be
come really respectable. The pressure 
then will have reached the staggering 
value of 1.5 million atmospheres. The 
electrons will be traveling at 90,000 
miles per second, and the deuterons at 
1,500 miles (around the world in 16 
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seconds) . Essentially all of the deuterons 
will react with one another rapidly 
(within a fraction of a second) , and 
their reactions will release energy at a 
fantastic rate-about 100 million kilo
watts. But we shall not yet have arrived 
at the kindling point: to sustain the re
action we shall still have to put in more 
energy than the fusions release. Only at 
about 350 million degrees will the "fire" 
(i.e., thermonuclear reaction) become 
self-sustaining. 

This imaginary experiment brings out 
several important pOints. First, we need 
extremely high temperatures, though 
when we speak of high temperature here 
we are not thinking of heat in the usual 
sense but of the kinetic energy of the gas 
particles. Second, we could not even 
think of using the fuel at ordinary gas 
concentrations. If we are to keep the 
energy output and pressure of the gas 
within controllable bounds, we must 
start with a thin gas at a density much 
lower than at atmospheric pressure
somewhere in the neighborhood of one 
10,000th of an atmosphere. But what a 
thin fuel this is! In a laboratory a gas at 
this density would be considered prac
tically a vacuum. 

One of the interesting consequences 
of using a very low density is that even 
though the plasma is very hot in terms 
of the speed of its particles, its heat 
content will actually be very small. A 
liter of deuterium plasma one 10,000th 
of an atmosphere in density would, at a 
kinetic temperature of 350 million de
grees, have a heat content amounting to 
18,000 calories-about enough to heat a 
small cup of coffee. 

To calculate the rate of fusion power 
production from a hot plasma it is only 
necessary to know the reaction cross sec
tions and to insert these as data in the 
theory of thermonuclear reactions in a 
hot gas [see charts on page 77]. How
ever, calculations of this kind, important 
as they are in specifying the required 
physical conditions, shed no light on 
how to heat a gas to thermonuclear tem
peratures or on whether the reactions, 
once initiated, could be made self-sus
taining. This latter question depends on 
how much of the energy will be lost by 
radiation and other mechanisms. In the 
sun, the energy generated within its 
huge volume is sufficient to maintain the 
reactions in spite of the radiation loss 
from the surface. If we could build a 
fusion reactor as big as the moon, we 
would not need to worry particularly 
about energy losses. But for a reactor of 
practicable size this is our key problem. 

Let me first mention the unavoidable 
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losses that must be lived with. These 
are the losses by radiation from the 
plasma-primarily in the form of X-rays 
emitted when electrons collide with nu
clei. Now at a temperature of 100 million 
degrees, one cubic centimeter of dense 
matter would radiate energy at the un
believable rate of three million million 
million kilowatts! But fortunately the 
rate of radiation drops very rapidly as 
the density of the matter falls. At the 
low density we have been considering, 
the radiation loss becomes comparatively 
small. The energy yield of fusion reac
tions increases rapidly with rise in tem
perature, and it will outstrip radiation 
losses at a temperature above 50 mil
lion degrees in the case of the deuteron
triton reaction and above 370 million de
grees in the deuteron-deuteron reaction. 
These, then, are the ignition tempera
tures of the respective fuels. But the 
plasma must be very pure, because nu
clei of higher elements (above hydrogen 
and helium) greatly accelerate the rate 
of radiation. A surprisingly small amount 
of impurities could pOison a very large 
volume of plasma. For example, the met
al in the head of a pin, if vaporized, 
would be quite sufficient to poison sev
er'in railroad tank cars full of plasma. It 
is clear that purity will be a prime re
quirement in any controlled-fusion reac
tor. 

Of the other class of energy losses
the ones we can and must reduce-the 
most serious is dissipation of particle 
energy to the walls of the reactor. We 
have to have a closed chamber, to hold 
out the atmosphere and keep our gas at 
low density. But consider the particles 
in this gas. They are so widely dispersed 
in our near-vacuum that each deuteron, 
in its random wanderings, travels thou
sands of miles on the average before it 
encounters another deuteron (or a tri
ton). It has a far greater chance of hit
ting the walls of the container first. Yet 
if it does, this collision will immediately 
damp its energy. Obviously we cann�t 
allow the particles of the plasma to touch 
the walls. Contrary to a common im
preSSion, the reason is not that the plas
ma will vaporize the walls (it does not 

- contain much heat) but simply that con
tact with the walls would instantly cool 
the plasma and quench the reaction. 

This, then, is the nub of the problem: 
How to confine a very hot gas within a 
material chamber (for at least a fraction 
of a second) without allOWing any ap
preciable amount of it to reach the 
chamber walls. Posed in this way, it 
sounds like a science-fiction problem, 
quite unsolvable in any real world. But 
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PINCH EFFECT occurs when a large electric current is sent through a plasma in a cylinder. 
Circular magnetic lines of force set up by the current contract and pinch the plasma into a 

narrow channel (colored column). The straight arrows show the direction of the current. 
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as is now well known, about a decade 
ago an ingenious solution emerged
namely, the plasma might be confined 
within a magnetic field, serving as a kind 
of furnace liner in the chamber to keep 
the particles away from the walls. 

The Magnetic Bottle 

The idea rests basically on the simple 
fact that a strong magnetic field will 
deflect charged particles from a straight 
path [see diagram at top of page 78]. 
Now a hot, high-pressure plasma could, 
under the proper circumstances, gener
ate an internal magnetic field of its own 
strong enough to exclude the externally 
applied field. Inside such a plasma the 
particles would therefore move in 

straight lines. But at the boundary of the 
plasma they would be deflected back 
into it by the outside magnetic field [see 
diagram at bottom of page 78]. The 
magnetic lines of force, acting like elastic 
rubber bands, could resist considerable 
pressure. If the magnetic field were 
made strong enough, it should form a 
magnetic "wall" able to contain a high
pressure plasma, just as a steel cylinder 
holds a high-pressure gas. According to 
the theoretical calculations, a field with 
a strength of 50,000 gauss, for example, 
could withstand a plasma pressure of 
100 atmospheres, and a field 10 times 
stronger (which has been achieved in 
laboratories) could support a pressure 
of 10,000 atmospheres. 

A fusion reaction sustained in such a 

magnetic bottle could never "run away," 
as the fission chain reaction may. If the 
plasma pressure became stronger than 
the magnetic field, it would rupture the 
magnetic wall and the plasma would 
touch the material chamber wall, which 
would immediately quench the fusion 
reaction. By the very nature of the beast, 
then, a fusion reactor could never ex
plode; it could only collapse. 

The simplified picture we have been 
considering should not be taken to mean 
that the magnetic bottle would be leak
proof. Actually the plasma and the mag
netic field would gradually penetrate 
and intermingle with each other, and 
the plasma would eventually escape 
completely unless replenished. Fortu
nately this leakage should be slow 

INSTABILITIES in a pinched plasma arise from kinks (left), where the magnetic lines STABILIZED PINCH might he achieved 
are crowded on the concave side, and constrictions (right), where the field is also crowded. by putting a magnetic field (long arrows) 
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enough, according to the theory, to per
mit the achievement of a self-sustaining 
fusion reaction. But, as we shall see, a 
magnetic bottle does not always behave 
as the simple theory predicts. The inter
actions between a high-temperature 
plasma and magnetic fields are a difficult 
problem in fundamental physics, and 
they have given rise to a new field of 
study which might be called "experi
mental astrophysics." 

The Pinch Effect 

So much for the theory. How could 
we actually make a magnetic bottle? It 
occurred independently to many investi
gators that an obscure electrical phe
nomenon known as the "pinch effect" 

might provide the answer. This effect, 
first produced experimentally only about 
a decade ago, requires a very large elec
trical current. When such a current is 
passed through a conducting gas in a 
tube, it sets up a magnetic field which 
tends to pinch the gas and pull it away 
from the tube walls [see diagram on 
page 79]. The magnetic lines of force 
circling the gas compress it by their ten
sion. Since a plasma is an excellent con
ductor of electricity, the pinch effect 
looked like an attractive and ready-made 
means of forming a magnetic bottle. 

Theoretical calculations showed that 
it would take a very large current in
deed-millions of amperes-to confine a 
plasma of high temperature and low 
densitv. Not discouraged by this fact, 

The funny hole 
in 11; �oper's bUilding 
MANY a New Yorker shook his head, and 

not a few snickered, when they saw 
the "hole" in Peter Cooper's new building. 

But to the benign gentleman with the ruff 
of graying whiskers it was all so simple: 
Some day someone would perfect the pas
senger elevator. 

The mere fact that there wasn't one in 
1853 would mean little to a man who, with 
his own hands, had built and driven the 
first American locomotive. Whose money, 
and faith, were to help see the Atlantic Cable 
through all its disasters to final success. And 
who would "scheme out" a Panama Canal 
plan fourteen years before DeLesseps. 

But Peter Cooper's belief in the future 
ran in a vein far deeper than simply the 
material. For this "building with a hole" 
was Cooper Union, the first privately
endowed tuition·free college in America. A 
place where young men and women of any 
race, faith, or political opinion could enjoy 
the education which he, himself, had been 
denied. Peter Cooper's dearest dream
which has continued to grow dynamically 
for nearly a century and today enriches 
America with thousands of creative thinkers, 
artists, and engineers. 

There is plenty of Peter Cooper's confi
dence and foresight alive among Americans 
today. It is behind the wisdom with which 
more than 40,000,000 of us are making one 
of the soundest investments of our lives
in United States Savings Bonds. Through 
our banks and the Payroll Savings Plan 
where we work, we own and hold more than 
$41,000,000,000 worth of Series E and H 
Bonds. With our rate of interest-and the 
safety of our principal-guaranteed by the 
greatest nation on earth. You're welcome to 
share in this security. Why not begin today? 

Now Savings Bouds are hetter than ever! Every 
Series E Bond purchased since February 1, 1957. 
pays 3�% interest when held to maturity. It earns 
higher interest in the early years than ever before. 
and matures in only 8 years and 11 months. Hold 
your old E Bonds, too. They earn more as they 
get older. 

PART OF EVERY AMERICAN'S SAVINGS 
BELONGS IN U.S. SAVINGS BONDS 

through a plasma. Tension would straighten kinks (le/t) and mutual repulsion would re- * * * * * * * 
sist constrictions (center). Circular lines hold plasma away from conducting wall (right). 

81 

© 1957 SCIENTIFIC AMERICAN, INC



LIFE OF A PINCH is depicted in this series 

of image.amplifier photographs. The top 

three pictures show the formation of the 

pinched column of plasma (bright band) as 

current is sent through the gas. The reo 

maining views show its death, hrought on 

hy the development of kink instabilities. 
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investigators in many countries carried 
out experiments with simple pinch tubes 
[see illustration on page 73]. They ap· 
plied a high voltage to a low-pressure 
gas in an insulated tube and produced 
an electrical discharge. This ionized the 
gas, and heavy current then began to 
flow. As they hoped, the pinch made its 
dramatic appearance. But with it also 
came a blow to their hopes. The pinch 
lasted only a millionth of a second or so; 
no sooner had the column of plasma been 
compressed than it writhed violently and 
drove itself to the tube wall. Further· 
more, the tighter the pinch, the faster 
it destroyed itself. 

This was not hard to understand, and 
in fact was predictable theoretically. 
Two different types of instability can 
develop. In the first place, any small kink 
in the pinched column will grow rapid. 
ly, because the magnetic pressure is 
stronger on the concave side of the 
kink (where the lines of force are 
crowded together) than on the convex 
side [see diagmm at left on page 80]. 
The second cause of instability is a kind 
of "sausage" effect [middle diagram on 
page 80]. The plasma tends to pinch or 
neck itself off at one or more points 
along the column, and thus cuts itself 
into pieces. 

Incidentally, in connection with the 
latter phenomenon there is an interest· 
ing story which illustrates how hopes 
can suddenly rise and just as suddenly 
fall in an important but uncharted field 
of research such as the fusion power 
enterprise. When investigators first pro· 
duced strong pinches in deuterium gas, 
they were delighted to discover bursts of 
neutrons-evidence of fusion reactions in 
the plasma. They thought they had 
reached thermonuclear temperatures 
momentarily. But on analysis they had to 
conclude that it was merely some ob
scure electrical effect, associated with 
the violent disruption of the pinch by 
the sausage instability, that had acceler
ated a few deuterons to fuse. 

How could the pinch be stabilized? 
Theoretical investigations published in 
the U. S., in the United Kingdom and in 
the U.S.S.R. have suggested a possible 
answer, although they have not yet 
shown how the physica1 conditions nec· 
essary to make it work could be 
achieved. The idea is to create not only 
a pinching magnetic field around the 
plasma but also a strong longitudinal 
magnetic field within the plasma column 
[see diagrams on pages 80 and 81]. The 
internal field would act as a kind of stif
fener. If a kink started to develop, it 
would tend to stretch the interior lines 

of force, and their elastic resistance 
would pull out the kink. Similarly if the 
sausage type of constriction tried to 
pinch into the column, the internal lines 
of force would resist being squeezed to· 
gether and thus would prevent collapse 
of the column. 

There is a third type of instability 
which could destroy a plasma column: 
namely, a long, gentle bend of the col
umn that would grow in strength and 
push the column to the chamber wall 
[see diagram at Tight on page 81]. How· 
ever, this could be counteracted by using 
a conducting material for the walls of the 
tube. Since a conductor acts as a barrier 
to a magnetic field, the magnetic field 
lines around the plasma column would 
be crowded against the wall where the 
bent column approached it, and the reo 
suIting back pressure would push the 
column back toward the center of the 
tube. 

I should make clear that the straight 
pinch columns illustrated here are sim· 
plified systems which merely exemplify 
the principles. In practice it would prob. 
ably not be desirable to try to produce a 
stable pinch in a straight tube, for sev
eral reasons: among other things, the 
electrodes at the ends of the tube would 
have a cooling (i.e., quenching) effect 
on the plasma. Pinch experiments have 
already been performed with other 
shapes. One of these is a doughnut
shaped tube in which currents are in· 
duced and can circulate without bump
ing into a solid surface. A high voltage 
applied to the winding around a large 
iron transformer core in the tube pro· 
duces an electrical discharge in the gas, 
which then functions as a one· turn sec· 
ondary winding. Very heavy currents 
can be induced into the plasma in this 
way. 

Besides the pinch effect, other possi· 
ble methods of forming a magnetic bot· 
tIe are being investigated, in the U. S. 
and no doubt in other countries. Most 
of the current research on the fusion 
power problem involves experiments in 
very complicated electromagnetic phe· 
nomena-the behavior of a high-temper
ature plasma in various magnetic field 
configurations. It is extremely hard 
work, taxing all the resources of our 
present technology. As I have mentioned, 
there is little likelihood of anything like 
a sudden "break-through" to a radically 
simpler approach. Since we shall make 
headway only by many mutually rein
forcing studies and by the development 
of new and unusual techniques, it is evi
dent that progress would be more rapid 
if the various nations involved joined 
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DOUGHNUT·SHAPED PINCH TUBE is made by threading a 

transformer core through a hollow ring containing plasma. Current 

through the winding at left causes a strong induced current in the 

plasma, which is then pinched by its own circular maguetic field. 

in a cooperative exchange of informa
tion on all phases of the research. 

Tracing the Wisp 

We are having tu learn for the first 
time how to handle and manipulate rap· 
idly huge quantities of electrical energy, 
and to build big, extremely clean vacuum 
systems. One of the thorniest problems 
is measurement. It is hard enough to 
create a hot plasma in the first place, 
but to find out what it is doing, once 
created, is sometimes still harder. Some 
new measurement techniques have al· 
ready been developed. To measure the 
density of a plasma there is a new "mi· 
crowave interferometer" using beams of 
millimeter radio waves as probes. The 
temperature of the plasma is assessed 
by studying its X·ray emissions, its radio 
"noise" and its escaping particles or reo 
action products. Somewhat surprisingly, 
a very hot plasma emits little visible 
light. But it has been possible to make 
spectroscopic studies of cooler plasmas, 
in which the atoms are not completely 
stripped of their electrons. These meas· 
urements not only indicate the tempera· 
ture but also tell the velocity of the 
plasma's motions, by the Doppler shift. 
And simply by measuring changes of the 
magnetic field during an experiment we 

can get information about the tempera
ture, density, shape and velocity of 
plasmas as they are formed. 

To appreciate the observation prob· 
lem you have to picture the scene of the 
events we are studying. Most of the ex· 
periments on high·temperature plasmas 
are carried out within antiseptic vacuum 
systems surrounded by conductors car· 
rying large and rapidly varying electrical 
currents. And what we have to detect 
are the whims of an invisible, short·lived 
wisp of near· nothingness somewhere in 
the bowels of this apparatus! 

Tapping the Power 

Plainly it will be several years before 
any fusion reactor is developed to the 
point where we have to face the final 
problem of extracting its power. But of 
course some thought has already been 
given to this matter. 

If the fuel is a mixture of deuterium 
and tritium, the lion's share (80 per 
cent) of the energy released by the fu· 
sion is carried off by the neutron emerg· 
ing from the reaction. This energy would 
be tapped by trapping the fast neu· 
trons and feeding the resulting heat to 
a steam system generating electricity in 
the conventional way. Since such a re· 
actor would have to breed more tritium, 

the neutrons would probably be trapped 
in a breeding blanket of lithium sur
rounding the reactor. Some of the elec
trical power generated would have to 
be fed back to the reactor to maintain 
the magnetic bottle. 

If the fuel is deuterium alone, we 
have the intriguing possibility of turning 
the energy output directly into electric
ity. In the deuteron·deuteron fusion, 66 
per cent of the energy released is im
parted to the charged reaction products 
-helium nuclei and protons. It is quite 
possible that conditions could be ar
ranged so that most of these particles 
stayed trapped within the plasma. In 
that case the heated and expanding plas
ma would tend to push outward against 
the magnetic field, and by the use of 
properly arranged circuits this motion 
could in principle be made to generate 
a current. In other words, in pushing 
against the magnetic field the expanding 
plasma would do work, just as steam ex
panding against the piston of a steam 
engine does work. In the case of the 
plasma the piston would be the "wall" 
of the magnetic field, and the linkages 
converting its energy into useful work 
would be electrical circuits instead of 
rods and wheels. It is possible that the 
efficiency of this engine might be much 
higher than that of the conventional 
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steam cycle, for the thermodynamic 
principles that limit the efficiency of or
dinary heat engines would not apply. 

In the last analysis the feasibility of 
fusion power probably will hinge pri
marily on the size of the reactor. Very 
likely many potentially workable reactor 
schemes will have to be rejected on the 
basis that they would be impracticably 
large. On the other hand, "pocket-edi
tion" fusion reactors are simply out of 
the question, on theoretical grounds. 
The fusion power plants of the future, 
if they are ever realized, will in all like
lihood be large central stations for gen
erating electrical power. 

Growing Hopes 

The scientists working on the fusion 
power project in the U. S. confidently 
believe that all the problems will even
tually be solved, for, difficult though the 
problems are, they now see no really 
fundamental barrier standing in the way 
of ultimate success. 

I want to mention a few of the mile
stones that have been passed, insofar as 
secrecy restrictions permit. The first 
group to consider the possibility of ob
taining fusion power through the mag
netic confinement of a hot plasma, so 
far as we know, were Enrico Fermi, 
Edward Teller, James Tuck and others 
at the Los Alamos Scientific Laboratory. 
Although they advanced their ideas 
around the end of World War II, no ex
tensive experimental work was started 
in the U. S. until about 195 1, when 
programs began under Tuck at Los Ala-

mos and Lyman Spitzer at Princeton. 
Scientists in the United Kingdom ap
parently had launched some work two 
or three years earlier, and the U .S.S.R .  
may have started about the same time. 
In 1952 the U. S. Atomic Energy Com
mission sponsored a large conference on 
controlled-fusion reactions. In the same 
year a program was initiated by Herbert 
York at the University of California Ra
diation Laboratory in Livermore. Smaller 
programs have since been set up at the 
Oak Ridge National Laboratory and 
New York University. Within the past 
year two substantial programs have been 
initiated with private capital: at the 
General Atomics Laboratory in San 
Diego, Calif., and at the General Electric 
Research Laboratory in Schenectady, 
N. Y. 

Among other countries known to be 
engaged in studies of controlled fusion 
are France, Germany, the Netherlands 
and Sweden. It is abundantly evident 
that the search for fusion power is taken 
seriously in all parts of the world. The 
nature of the problems being faced, the 
time it will no doubt take to solve them, 
and the importance of the goal to be 
won are compelling reasons to hope for 
the growth of international cooperation 
in the research. 

If the reader of this article is left with 
the impression that the search for fusion 
power is at once the most fascinating, 
the most difficult and potentially the 
most important peacetime scientific ef
fort ever undertaken, he will be sharing 
the opinion of the many scientists now 
working on this problem. 

THE "PERHAPSATRON," an instrument for producing the pinch effect in a plasma, was 
.. "''''''''''''''''''''''''''''''''''''''''''''' photographed at the Los Alamos Scientific Laboratory. Doughnut tube is  in the center.  
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lelt , A 9·pound m o l d  of e l e c troformed c o � p e r  for  a 2 1 · i n c h  d o l l .  Soft  v i n y l " s k i n "  (center) w a s  withd rawn through n e c k  o p e n i n g .  F i n i s h e d  d o l l  at r ight. 

How a new ki nd of copper keeps l ittle g i rls ha ppier 

D o l l  h e a d s  a l s o a r e  c a s t  i n s i d e  m o l d s  of e l e c tro� 
formed copper - l i k e  that shown a t  left a b ove. 

T H E  P R O B L E M :  Little girls are fussy. 
Dolls must have carefully modeled fea
tures, toenails, and fingernails - have 
skins that feel soft and smooth. So most 
doll bodies and heads are now formed of 
velvety-smooth vinyl plastisol, cast in 
precision, one-piece copper molds. 

Making molds is tricky. The Plasti
plate Co., South River, N. J . ,  a leader in 
the field, does it this way. A wax or 
vinyl master model of a doll gets a thin, 
conductive coating of silver. Then cop-

per is built up on the silver in an acid
copper electroplating tank to form a shell 
about one-eighth inch thick When the 
model is removed, the copper shell be
comes a one-piece doll mold. With ordi
nary copper anodes, great care was 
required to make sure that molds were 
uniformly accurate in detail - that they 
could stand the strains of production in 
automatic casting machines. 

T H E  S O L U T I O N :  Two years ago, Plas
tiplate tried out "Plus-4" ® ( phosphor
ized copper) Anodes in one electro
plating tank The molds from this tank 
were superior in uniformity, strength, 
and toughness. The deposit was better 
on hard-to-reach surfaces, demonstrating 
the greater "throwing power" of "Plus-4" 

Anodes. Scrap was cut and tank mainte
nance simplified. Now all of Plastiplate's 
tanks are supplied with "Plus-4" Anodes. 

T H E  FUT U R E :  In the rapidly growing 
field of electroforming - for all kinds of 
intricately shaped parts requiring high 
precision - "Plus-4" Anodes will play an 
ever greater role in cutting costs, improv
ing quality. They iHustrate how Ana
conda and its manufacturing companies 
- The American Brass Company and 
Anaconda Wire & Cable Company 
constantly seek better ways of doing 
things with nonferrous metals and prod
ucts. For help in your metal problem, 
see the Man from Anaconda. The Ana
conda Company, 25 Broadway, New 
York 4, N. Y. 67269 

ANACON D� 
T H E  A M E R I CAN B RASS C O M PAN Y-ANAC O N DA W I R E  & CAB L E  C O M PANY 
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IN CERA M I CS FOR M ISSI LES . . .  C e ra m i c  

cove rs fo r ra d a r  e q u i p m e n t  (ra d o m es) s h r u g  

o f f  t h e  i n f e r n o  h e a t  o f  fricti o n  a s  t h e y  h u rt l e  

t h ro u g h  t h e  a t m o s p h e re towa rd o u t e r  s p a c e  

a n d  b a c k  to e a rt h  a ga i n .  T h e i r  com posit ion 

i s  over 98% Al coa A l u m i n a  to give them the 

refract o r i n e s s ,  h ig h  t e m p e ra t u re physical  

stre n gt h  and shock resista n c e  plus exce l l e n t  

e l ectro m a g netic  p ro p e rt i e s  req u i re d .  

I N  CERA M I C  REFRACTO R I ES . . .  T h e  steady 

r ise in p rocess t e m p e ratu res i s  n o  p r o b l e m  

for refra cto r ies fo rt if ied with A l c o a  Al u m i na s .  

R efracto r i n e s s  i n c re a s e s  i n  p ro p o rt i o n  to t h e  

a m o u nt of a l u m i n a u se d  • • •  a s  d o  strength 

and sta b i l ity u n d e r  load a t  h ig h  t e m p e ra t u re. 

And high a l u m i n a refra cto r ies o r  refra ctory 
ca sta b l e s  a re i n e rt to c h e m ical  atta c k ,  resist 

both red u c i n g  a n d  o x i d i n g  a t m o s p h e r e s .  

I N  ELECTRON I C  CERAM ICS . . .  C e ra m i c  
pa rts composed p r i n c i p a l l y  of  Al coa Al u m i na s  

m e e t  m a n y  of t h e  t o u g h e s t  d e m a n d s  of to

d a y ' s  h i g h · p o w e r e d .  h i g h · f r e q u e n c y  (a n d  

h i g h ·t e m p e ratu re) e l e ct ro n i c  e q u i p m e nt .  A l u ·  

m i n a s  i m p a rt to t h e m  s u c h  v i t a l  p ro p e rt i e s  a s  

t h e s e :  l o w  d i e l ectr ic l o s s  a t  h i g h  fre q u e n cies 

• • .  h i gh d i e l ectric st rength . • •  h ig h  m e c h a n ical 

strength • • •  excel l e n t  t h e r m a l  c o n d u ctivity 

. . .  good t h e r m a l  s h o c k  r e s i sta nce . . .  i m p e r

v i o u s n e s s  to ga s p e n et ra t i o n  . . .  a b i l ity to form 

h ig h l y  service a b l e  metal to cera m i c  seals.  

See how many ceramic products are made 
possible-or made better-by ALCOA Aluminas 
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IN MECHAN I CAL CERA M I CS . . . C h e m ical  

i n e rt n e s s ,  exce l l e n t  thermal  shock resista nce 

and high refra cto r i n e s s  a re m a j o r  p ro p e rt i e s  

p ro v i d e d  e c o n o m i c a l l y  by A l c o a  Al u m i n a s  

u s e d  i n  c e ra m i c  p u m p  pa rt s ,  t u b i n g ,  c h e m ical  

wa re and o t h e r  mec h a n i cal  c e ra m i cs.  And 

a l u m i n a s  i n s u re these a d d it i o n a l  i m p rove

m e nts • • •  n o n ·wetta b i l ity by m a n y  l i q u i d  

meta l s  . . .  e a s e  a n d  e c o n o m y  of fa b rication 

• • . i m p e rv i o u s n e s s  without costly g l a z i n g .  

Ceramics today do things undreamed 
of until ALCOA® Aluminas made them 
possi ble. Pure aluminum oxides, used 
in high proportion in ceramic bodies, 
impart physical , thermal and electrical 
properties never before attainable. 

On these pages, you'll see just a few 
of the hundreds of ceramic products 
made p o s s i ble-or made better-by 
ALCOA Aluminas. 

I N  TEXT I LE CERA M I CS . . . C o n sta nt.  h ig h .  
s p e e d  a b ra s i o n  f r o m  fast- m o v i n g  t h re a d  

creates a severe wea r p ro b l e m  with text i l e  

t h re a d  g u i d e s .  B e s t  a b l e  to sta n d  s u c h  p u n ·  

i s h m e n t  a re c e ra m i c  t h read g u i d e s  fortified 

with Alcoa Al u m i n a to p rovide o u tsta n d i n g  

a b ra s i o n  resista n c e .  I m po rta nt,  t o o ,  a re t h e  
g o o d  t h e r m a l  co n d u ctivity ( t o  d i s s i pate h eat) 

a n d  the fa b r i cat i n g  eco n o m i e s  made possi b l e  

b y  a l u m i n a c e ra m i c  t h read g u i d e s  . 

When you are hampered by material 
shortcomings, it will pay you to see 

what ceramics can do . . .  when they're 
made with Alcoa Aluminas. 

We'll be glad to tell you the story of 
the remarkable present and future of high 
alumina ceramics. It's all in an excit ing 
new booklet that's yours when YOll write 
ALUMINUM COMPANY OF AMERICA, 706-M 
Alcoa Building, Pittsburgh 1 9, Penna. 

I N  CERA M I C  M ETALWO R K I N G  TOOLS . . . 
Recent ly  d e v e l o p e d  cera m i c  c u tt i n g  tool s a re 

sett i n g  n e w  sta n d a r d s  of metalwo r k i n g  effi c i ·  

e n cy-t h a n ks ,  l a rge l y ,  to the h ig h  p e rcentage 

of Al coa Al u m i n a s  in t h e i r  c o m p o s it i o n .  Ava i l 

a bl e  fro m n o n strategic s o u rce s ,  t h e y  c u t  a t  

s u bsta ntia l l y  h i g h e r  s p e e d s  t h a n  c o m p a ra bl e  

too l s  of  ot h e r  mater i a l s .  T h e y  i m pa rt bette r 

s u rfa ce fi n i s h e s  to metal  w o r k ,  h a ve o u t sta n d 

i n g  resista nce to h i gh t e m p e ratu res a t  t h e  

c u tti n g  e d g e ,  w i l l  n o t  conta m i nate m a c h i n e  
s u rfa ces a n d  ca n not b u r n ,  r u st o r  decom pose. 

Ceramic Engineering Offers Unlimited 
Career Opportunities ! 

� NEWI 
"ALCOA TH EATRE" 

Exc il ing Adventure Alternate Monday  Even i ngs 

© 1957 SCIENTIFIC AMERICAN, INC



ADM I RAL'S PALO A LTO LABO RATO RY D E V E LOPS 
E QU I PM ENT F O R  CAM E RA STA B I L I ZAT I O N  

The art o f  aerial photo- reconnaissance requires absolute camera stability 
to obtain the fine detail needed to discern small objects from great alti
tudes. Even with an automatic pilot in control, the plane itself is far too 
unstable for reconnaissance work, and additional stabilization is required. 

Now Admiral has developed equipment that automatically compen
sates for the slightest deviations. E lectronic signals from gyros are ap
propriately modified and distributed as needed to stabilize each of the 
various camera mounts. The accuracy of the gyro signals is fully re
flected in the mechanical adjustments of each camera platform. More
over, Admi ral has applied subminiaturization techniques to reduce size 
and weight to half of the original requirement specifications. 

This system was developed in Admiral's Palo Alto Laboratory by the 
Advanced Development Section, Government Laboratories Division. 
Complete information concerning the Laboratory's capabilities and cur
rent activities is available to qualified persons. 

L O O K  TO A t/mIra' FOR 
RESEARCH 
• DEVELOPMENT 

• P R O D U C T I O N  

I N  T H E  F I E L D S  O F :  M I L I TARY TELEV I S I ON 
C O M M U N I CA T I O N S  U H F  A N D  V H F · RADAR 

RADAR BEACONS AND I FF . R A D I A C  . 

T E L E M E T E R I N G • D I STA N C E  M EAS U R I N G  

M I S S I L E  G U I DA N C E · C O D E R S  A N D  D E C O D E R S  

CON STANT D ELAY L I N ES · T E ST EQU I P M EN T  

E L ECTRON I C  C O U N T E R  M E A S U R E S  

E N G I N E E R S .  The wide scope of w o r k  in progress 
at A d m i r a l  creotes c h a l l e n g i n g  opportu n i t ies  i n  
t h e  fi e l d  of your  c h o i c e .  Write Di rector of En  .. 
gineer ing a n d  Research, A d m i r a l  Corporation, 

Chicago 47, I l l ino is .  

Admiral CORPORATION • GOVERNMENT' LABORATORIES  DIVIS ION • C H ICAGO 47, I LL INOIS  
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Neanderthal Man 

It lS known that this large-boned man and Homo sapiens lived 

at the same time. The author presents a hypothesis on where 

the two kinds of lnen originated and how they' came zn contact 

D
ozens of fossil skulls, unearthed 

in various parts of the world, 
tell us that man came into ex

istence at least half a million years ago. 
But the fossils leave us mystified about 
his beginnings. Long study of the skulls 
has failed to give any conclusive picture 
of man's early evolution; in fact, many 
of the theories have not stood the test 
of new fossil finds. Among all the enig
mas, Neanderthal man, whose bones 
were first discovered in a cave in Ger
many just 100 years ago, is still per
haps the most puzzling. Just what kin
ship does that extinct human creature 
bear to our own species, Homo sapiens? 
Neanderthal and sapiens both roamed 
the earth 100,000 �'ears ago. Did their 

by J. E. Weckler 

paths cross? Why did Neanderthal per
ish and sapiens inherit the earth? 

Although the bones themselves do not 
throw much light on these questions, I 
believe that they do fall into a mean
ingful pattern when we consider the 
world in which the early men evolved. 
This article presents a theory based on 
a global view of the earth at that time
particularly the climate and geography. 

The scene of man's emergence from 
his animal ancestry was the Old World 
of Europe, Asia and Africa: it is in that 
part of the earth that all the ancient 
fossils of man and manlike creatures 
have been found. Now looking at the 
great land mass of the three joined con
tinents, we can see it divided into two 

worlds, separated by a gigantic geo
graphical barrier. The barrier is the belt 
of mountains, high plateaus and inland 
seas cutting across the middle of Eu
rope and Asia, from the Black Sea to 
China. On one side of this barrier lies 
central and eastern Asia. It is separated 
from southern Asia (e.g., India and 
Asia Minor) by the topography, and 
from northern Europe by the barrier of 
great distance. Even in historic times 
eastern Asia has been a world apart 
from Europe and the Middle East. 

Geographically, then, the Far East 
was one world and Europe, southern 
Asia and Africa formed another. Al
though Europe and Africa may seem 
sharply separated bv the Mediterranean, 

SKULLS of Homo sapiens (left) and Neanderthal man (right) are 

compared. The Homo sapiens skull is that of ero-Magnon man, who 

lived in Europe during the latter part of the fourth glacial period. 

The Neanderthal skull is that of "classic" Neanderthal man. 
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SKELETONS of modern man (top) and 

Neanderthal man (bottom) are compared. 

90 

actually this sea is not as great a barrier 
as it may appear. There are short cross
ings from Europe to Africa at both ends 
of the sea, and in Ice Age times appar
ently there were also land bridges across 
the mid-Mediterranean. 

When we come to consider the cli
mate, the geographical picture takes on 
more significance. During the four Ice 
Ages of the Pleistocene Period, Europe 
was largely covered by ice sheets and 
very cold, while North Africa and Asia 
Minor were warm, well watered and 
covered with vegetation. In the inter
glacial periods (between the Ice Ages), 
North Africa became a dry desert while 
Europe enjoyed a warm, lush climate 
[see maps on page 92]. So it appears 
altogether probable that early man, al
most entirely at the mercy of nature, 
followed the climate-pushing north into 
Europe in its verdant interglacial periods 
and retreating to Africa when the ice 
sheets came. This implies that early man 
in the European-African world lived in 
the open, was not a cave-dweller and 
probably was late in using fire. 

For the world of central and eastern 
Asia, on the other hand, there was no 
warm refuge. When Ice Ages came, 
southward migration was barred by the 
high mountains and plateaus. There was 
no climatic inducement to push west
ward over the steppes toward Europe. 
We can picture primitive man in this 
world as primarily a cave-dweller, an 
early user of fire and a rugged hunter of 
big game. And the archaeological evi
dence supports this surmise. 

On the basis of these facts and of 
what we know about the earliest men, 
I suggest the hypothesis that Neander
thal man and Homo sapiens arose and 
developed separately in the two worlds
Neanderthal in central and eastern Asia, 
sapiens in the world of Europe, Africa, 
Asia Minor and India. 

�t us look first at the bones. "Classic" 
Neanderthal man has very distinc

tive features: a long, low-vaulted skull, a 
big, jutting brow-ridge running across 
the forehead, a broad, low-bridged nose, 
a jutting, muzzle-like mouth, a retreating 
chin. He had a squat body with a barrel 
chest, bowed legs and flat feet, suggest
ing that he walked in a crouch with bent 
knees and a shufRing gait. 

Unhappily for our thesis, no classic 
Neanderthal skeleton has been found in 
central or eastern Asia. But there has 
been little search for fossil man in that 
part of the world. The theory does find 
support, however, in the few fossils that 
have been unearthed there. All of them 
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Neanderthaloid skulls are to the right of the last vertical line 

to the right. The skulls of types of men related to Homo sapiens 
are to the left of that line. The hatching in the colored area at 

left symbolically represents the advance and retreat of the ice. 

91 

© 1957 SCIENTIFIC AMERICAN, INC



DURING INTERGLACIAL PERIODS men were separated into 

several isolated breeding populations by deserts, water, highlands 

DURING GLACIAL PERIODS men were coucentrated in a small· 

er environment. Land bridges may have enabled them to cross the 
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and distance. The hatched areas indicate the environments that 

would have been most hospitable to men with primitive cultures. 
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Red Sea and the Mediterranean. The broken hatching in Africa 

indicates that this area may have been too dry for human habitation. 
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show strong similarities to Neanderthal. 
The two best known are Pithecanthropus 
erectus, found in Java, and Sinanthropus 
pekinensis, discovered near Peking. Both 
had low-vaulted skulls, continuous brow
ridges, low-bridged noses, muzzle-like 
mouths and retreating chins. Pithecan
thropus and Sinanthropus resemble Ne
anderthal closely enough to be consid
ered his relatives, if not his direct ances
tors. They date from the middle of the 
Pleistocene, which makes them about 
200,000 years older than Neanderthal. 
A third find in the Far East, Homo so
loensis of Java, is closer to Neanderthal's 
time and is also more like him [see chart 
on page 91]. 

Now, again looking for very early hu
man ancestors, what do we find in the 
world of Europe, Africa and southern 
Asia? Aside from the man-apes of South 
Africa (which probably have no direct 
connection with the evolution of man) , 
the only fossils that can confidently be 
said to be more than 200,000 years old 
have been found in Europe. The oldest 
is the jaw of Heidelberg man, believed 
to date from the first interglacial period, 
about 500,000 years ago. Heidelberg 
man was once thought to be an ancestor 
of Neanderthal, but his teeth turn out 
to be more advanced than Neanderthal's 
and like those of Homo sapiens. Thus he 
is eligible to be considered a possible 
ancestor of sapiens. The second oldest 
human fossil in Europe is Swanscombe 
"man" -part of the skull of a young 
woman found in a 300,000-year-old de
posit in England. Too much of the skull 
is missing to decide her relationship defi
nitely, but most scholars are inclined to 
class her with sapiens. As a third, and 
much more conclusive, piece of evi
dence there is the skull of Fontechevade 
man, discovered just 10 years ago in the 
province of Charente in France. He 
seems to be fully Homo sapiens, and he 
dates from more than 150,000 years ago 
-before Neanderthal appeared on the 
European scene! 

The evidence of the bones, then, 
seems to support the hypothesis that 
Neanderthal man arose in eastern Asia 
and sapiens in the western world. For 
hundreds of thousands of years, through 
the first three Ice Ages, they evolved 
along separate lines, until Neanderthal 
finally made his way to Europe some 
time late in the third interglacial peri
od, less than 150,000 years ago. 

A global study of the tools and ways 
of life of the primitive men bears 

out this picture of two isolated worlds. 
The earliest known stone tools of man 
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STONE TOOLS suggest that Homo sapiens and Neanderthal man 
were separated for most of their history. At first pebble tools were 

made in Asia, Africa and EUlrope. Later the hand ax was invented 

and became the dominant tool in the hatched area. The evolution 

of pebble tools continued in the stippled area. The crosses and 

large dots indicate regions rich in the tools characteristic of each. 

were the so-called "pebbl'e" tools-egg
shaped pebbles chipped Oon one side to 
make a crude cutting edge. They go back 
to the very beginning of the Pleistocene. 
But their development followed very 
different courses in the two worlds on 
the opposite sides of the geographical 
barrier. There was a sharp contrast, also, 
in the two ways of life. 

In the eastern world men continued 
to get along with pebble chopper-tools 
until near the end of th<e Pleistocene. 
Their harsh climate spurred them, how
ever, to progress in other directions. 
When the ice sheets came, the early 
men, trapped from moving south by the 
frigid Himalayan-Tibetan highlands, 
and probably unaware that they could 
skirt the mountains by tn'aveling west, 
had to find ways to survive in the cold. 
They took up residence in caves, learned 
to use fire to warm themselves and to 
cook, and developed deviices to kill big 
game. Even Sinanthropns, the small
brained Neanderthaloid who lived in the 
second interglacial some 300,000 years 
ago, made his home in cav'es and roasted 
the meat of large animals that he killed. 
In these homemaking and hunting arts 
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he seems to have been 100,000 years or 
more ahead of the men in the softer 
world on the other side of the barrier. 

In the "western" world the predeces
sors of Homo sapiens learned very early 
to chip both sides of the pebble and then 
to make stone hand-axes and flake tools. 
But in other ways they advanced more 
slowly than their precocious contempo
raries in the eastern world. The archaeo
logical evidence indicates that they 
lived on wild plants and small game, 
drifted passively with the climate to the 
moist and mild parts of their range, slept 
in the open and did not learn to use fire 
until the third interglacial era. 

It seems that for some 400,000 years, 
throughout most of the Pleistocene, 

the two worlds had almost no contact, 
except in a few spots in northern India 
and central Asia where their culture 
overlapped. Then Neanderthal man sud
denly invaded Europe and southwestern 
Asia. If the hypothesis I have presented 
is correct, we can begin to understand 
a number of archaeological finds that 
have puzzled anthropologists. 

Let us suppose that the first proto-

men, common ancestors of both Nean
derthal and sapiens, arose from the pri
mate animals somewhere in Africa, India 
or the Middle East before the Ice Ages. 
Some of them crossed the barrier into 
eastern Asia during a warm era. Then, 
caught by glaciations that closed the 
barrier, they remained in their separate 
world. Over several hundreds of thou
sands of years two divergent lines 
evolved-Neanderthal on one side of the 
barrier, sapiens on the other. The latter, 
wandering widely over Europe, southern 
Asia and Africa in interglacial periods, 
developed a variety of races but re
mained one species because they re
pooled their genes when they met in 
their warm Ice Age retreats in Africa, 
the Middle East and India. 

Late in the third interglacial period 
Neanderthal man, driven by no one 
knows what circumstances, began to 
push westward into the Middle East 
and Europe. He mated with sapiens and 
produced hybrid Neanderthals of a 
"progressive" type-with a high-vaulted 
skull and some other sapiens features. 
He also developed the culture called 
Mousterian, associated with Neanderthal 
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Night mobility and combat power are provided for both men and tanks by infrared devices develope" by ERDl. 
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EVOLUTION OF TOOLS is outlined in 

this drawing. At bollom (numbered 1 
through 7) are representative examples of 

early pebble and flake tools from Java, In· 

dia, Africa and Europe. At upper left ( ",,,n. 
bered 8 through 14) are examples showing 

the evolution of hand axes and associated 

flake tools in India, Africa and Europe. At 

upper right (numbered 15 through 22) are 

examples showing the evolution of pebble 

tools during same period in eastern Asia. 

man: it is a combination of cave-dwell
ing, fire-using and big-game-hunting 
with the stone-chipping techniques of 
the west. 

When the Fourth Ice Age came, Homo 
sapiens retreated south. Neanderthal 
men, still pushing in from Asia, took 
over Europe. These "classic" Neander
thals blotted out the progressive physi
cal traits acquired by the earlier Nean· 
derthal migrants who had mated with 
sapiens. Thus my hypothesis would ex
plain a paradox which has long troubled 
scholars: namely, that the latest Nean
derthals found in Europe are all of the 
"classic" or conservative type, although 
they lived later than "progressive" Nean
derthals found in Palestine and else
where. It would also explain the late 
classic Neanderthals found in Iraq [see 
"Shanidar Cave," by Ralph S. Solecki; 
SCIENTIFIC AMERICAN, November]. 

During a relatively warm spell in the 
Fourth Ice Age some 80,000 years 

ago, Neanderthal man suddenly dis
appeared-no one knows why. Homo 
sapiens, now in the form of Cro-Magnon 
man and other near-modern types, re
turned to Europe. He also spread rapid
ly to eastern Asia and to the Americas. 
For the first time sapiens showed an 
aggressiveness of spirit and a burst of 
cultural advance which had been foreign 
to his nature in the preceding hundreds 
of thousands of years. For this he may 
well have had Neanderthal to thank in 
large part. Sapiens began to live regu
larly in caves, to bury his dead with 
grave offerings, to hunt big game, to use 
fire, to make specialized tools, to clothe 
himself and to produce religious art. 
Probably all or most of these new ac
complishments were heritages from Ne
anderthal man. 

So we may owe to our extinct distant 
cousin, Neanderthal man, the impetus 
that freed mankind from a grubbing, 
parasitic existence and made him inde
pendent of climate and the master of 
his environment. 
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How Du Pont TEFLON® solves the 
tetraftuoroethylene resins 

challenging problems of science and industry 

ELECTRICAL wire insulation made of TEFLON resins is used inside 
special "torture chambers" for life-testing electronic components. 
TEFLON resins withstand temperatures from -450° to 500oP. They 
are practically ideal dielectrics. Their low power factor minimizes 
signal losses even at highest radar frequencies. 

HOSE LINES of TEFLON resins excel in such services as the handling 
of superheated steam. They resist cracking under heat, pressure 
and continuous flexing. Hot chemicals, corrosive fuels and sticky 
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braiding, they can withstand pressures to 3000 psi. 

Not only will TEFLON resins solve problems im
possible with other materials, but products made of 
them often permit economies resulting in longer life 
and ease of maintenance, plus increased safety and de
pendability. By knowing more about this versatile 
material you may be able to contribute to your re
search and development programs and improve your 
products. For information on end-uses and technical 
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BETTER THINGS FOR BETTER LIVING • . .  THROUGH CHEMISTRY 

NO OTHER solid material has as Iow a coefficient of friction as 
TEFLON tetrafluoroethylene resins. Seals used in power-steering unit 
allow shaft to turn freely, despite high pressure. Bearing and pack
ings of TEFLON resins reduce torque and friction where all other 
materials fail • • •  such as in pumps for corrosive chemicals. 

TEFLON tetrafluoroethylene resins are among the most chemically 
inert materials known. They are rated for use up to 500oP. and are 
not brittle even when immersed in low-boiling liquefied gases. Tu
bular goods range from hair-like capillaries for wire insulation to 
this three-inch pipe liner used in chemical processing. 

details, write to E. 1. du Pont de Nemours & Co. 
(Inc.), Polychemicals Department, Room 4012, 
Du Pont Building, Wilmington 98, Delaware. 

TEFLON@ 
is a registered trademark ... 

TEFLON is Du Pont's registered trademark for its Auoro
carbon resins, including the tetraAuoroethylene resins 
discussed herein. This registered trademark should not 
be used as an adjective to describe any product, nor 
should it be used in whole, or in part, as a trademark 
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Heinrich Hertz 

The la§.t great physicist of the era before the discovery of X-rays, 

radioactivity and subatomic particles, he is best rementbered for his 

demonstration of the connection between electromagnetism and light 

W
e celebrate this year the hun
dredth anniversary of the birth 
of Heinrich Rudolf Hertz, born 

February 22, 1857, in Hamburg. In his 
tragically short life of 37 years this bril
liant, gentle man brought the era of 
"classical" physics to a gloriOUS culmina
tion. It was his insight into the meaning 
of the Maxwell theory of electricity and 
magnetism, leading to his discovery of 

by Philip and Emily Morrison 

radio waves, that opened up the great 
spectrum of waves other than light, 
which has been explored so rewardingly 
by physics and exploited in a thousand 
ways by modern technology. Hertz 
mounted to the great divide in physics, 
but of the new world on the other side 
he got only a Pisgah view-a mere 
glimpse of the Promised Land. He was 
the first to observe the phenomenon of 

HERTZ was born in 1857 and died only 37 years later. He was a student of Hermanu von 

Helmholtz at the University of Berlin, and himself worked at Kiel, Karlsruhe and Bonn. 
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the photoelectric effect, but he could not 
recognize what it meant. Hertz died on 
the very eve of the birth of modern phys
ics. The discoveries of X-rays, radioactiv
ity and the electron came within three 
years after his dea th. 

The intellectual climate in which 
young Hertz was born has been por
tJ-ayed for us, in all its expansive vigor, 
by Thomas Mann's novels. Like Hanno 
Buddenbrook, the last of that close-knit 
family, Hertz was the son of a senator 
of a great Hanseatic City. He went to 
Realschule in Hamburg, and we can 
imagine him, like Hanno in Li.ibeck 40 
miles away, struggling with Ovid and 
oppressed by the fetid air of the chem
istry hall. Hertz, however, was a bright 
student: he became fluent in Greek and 
even tried Arabic. Fond of working at 
bench and lathe and of building instru
ments, living in the blossoming time of 
the machine industry, young Hertz felt 
impelled to a career as an engineer, but 
as his schooling advanced he came to the 
sure conclusion that he could be happy 
only in science. He wrote of his decision 
to his parents: "All else seemed hollow 
and unsatisfying. " The young man went 
to study at the University of Munich and 
in the fall of 1878 enrolled in the Uni
versity of Berlin, then perhaps the center 
of science on the Continent. There he 
became a student of the great Hermann 
von Helmholtz. 

He won the master's attention at once. 
Helmholtz wrote: "I saw here that 1 had 
to deal with a pupil of quite unusual 
talent; and when . . .  it fell to me to pro
pound to the students a subject of physi
cal research for a prize, 1 chose one in 
electromagnetics in the belief that Hertz 
would feel an interest in it, and would 
attack it, as he did, with success." Hertz's 
paper, entitled "Experiments to Deter
mine an Upper Limit to the Kinetic 
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Energy of an Electric Current," was 
awarded the prize, with high commen
dation. (He wrote to his family that he 
chose to receive the gold medal instead 
of a cash prize and was disappointed to 
find that it bore no inscription to indi
cate that it came from the University. ) 
Hertz received his doctoral degree mag
na cum laude, a rare distinction at Berlin 
in those days, and Helmholtz then made 
him his assistant and demonstrator. 

I-I ertz became immersed in research 
on many problems, experimental 

and theoretical. His first few papers 
dealt with the behavior of oscillating 
electric currents. Then he carried out a 
couple of elegant studies on hardness as 
a mechanical property and on the elas
ticity of solids; the latter paper is still a 
major achievement in this refractory 
branch of physics. Curiosity about the 
collisions between ice blocks on the river 
in deep winter led him to a theoretical 
study in mechanics; investigations of 
evaporation drew him into work on 
vacuums and the cathode discharge. 

Hertz kept his parents informed about 
his work and experiments. On devising 
a new hygrometer, he wrote his family 
a lengthy letter concluding: "I may here 
give a little calculation which will show 
father how the air in the morning-room 
should be kept moist . .. . This has be
come quite a long lecture, and the post
age of the letter will ruin me; but what 
wouldn't a man do to keep his dear par
ents and brothers and sister from com
plete desiccation?" He described to his 
family in detail how he built a storage 
battery of 1,000 small cells, "working 
away just like a mechanic," and how he 
blew glass tubes for gas-discharge ex
periments to save time and expense: 
"My impatience will not allow me to or
der from the glass blower today a tube 
which would not be ready until several 
days later, so I prefer to restrict myself 
to what can be achieved by my own 
slight skill at the art. " 

In 1883 Hertz left Helmholtz's labora
tory to step up to the traditional first 
rung of the academic ladder in German 
universities: he was appointed Privat
docent at the minor University of Kiel. 
Kiel was not vel")' well equipped, and 
Hertz did his best to continue his work 
by setting up a laboratory in his own 
home. Two years later, at 28, he was 
called to the Technische Hochschule at 
Karlsruhe as professor of physics. There, 
in the green month of April, he met 
Elizabeth Doll, a professor's daughter, 
and after a whirlwind courtship they 
were married in July. In beautiful Karls-

HERTZ'S APPARATUS to generate and focus electromagnetic waves is shown from above 

(top) and from the side (bottom). It produced waves about two feet from crest to crest. 

99 

© 1957 SCIENTIFIC AMERICAN, INC



100 

AN INVITATION 
TO JOIN ORO 

Pioneer In 
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Operations Research is a young 
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as a significant aid to decision-mak
ing. I t employs the services of 
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levels. 
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on merit. The "fringe" benefits 
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by many companies. 

The cultural and historical fea
tures which attract visitors to 
Washington, D. C. are but a short 
drive from the pleasant Chevy 
Chase suburb in which ORO is 
located. Attractive homes and 
apartments are within walking dis
tance and readily available in all 
price ranges. Schools are excellent. 

For further information write: 
Pro/essional Appointments 

OPERATIONS RESEARCH 
OFFIGEI� 

The Johns Hopkins University 

7100 CONNECTICUT AVENUE 
CHEVY CHASE, MARYLAND 

HERTZIAN WAVES were transmitted by a rod interrupted with a spark gap between two 

large knobs (left). The waves were received by anothet· interrupted rod (right). The spark 

gap of the second rod was between the small sphere and point which appear at the far right. 

ruhe, with his personal life so happily 
arranged, and with experimental facili
ties almost of the first class, Hertz began 
the series of electrical investigations 
which were to make his name immortal. 

I t is worthwhile to look at the physiCS 
of the time with Hertz's eyes. Mys

tery surrounded the transmission of elec
tricity and magnetism. To be sure, the 
genius of James Clerk Maxwell had 
formulated a complete electromagnetic 
theory, summed up in compact and ele
gant differential equations. But the theo
ry was difficult for the time. It was a bit 
like P. A. M. Dirac's theory of the spin
ning electron in 1932 or thereabouts
beautiful, obscure, apparently powerful 
but uncomfortably far at the time from 
any clear way to test it experimentally. 
Hertz wrote of Maxwell's theory: "On 
account of the difficulty of the theory 
the number of its disciples at first was 
necessarily small. But everyone who 
studied it thoroughly became an adher
ent, and forthwith sought diligently to 
test its original assumptions and its ulti
mate conclusions." 

Its greatest adherent was young 
Hertz, and he set out to examine its as
sumptions and "ultimate conclusions" in 
a concrete way. The problem was to 
prove the existence of a relation between 
light and electricity. As Hertz told his 
lecture audiences in his wonderful popu
lar exposition of Maxwell's theory: "I am 
here to support the assertion that light 
of every kind is itself an electrical phe
nomenon-the light of the sun, the light 
of a candle, the light of a glowworm." 
In our day of the ubiquitous television 

aerial and the radar dish, it is hard to 
place ourselves back in that time-when 
light waves seemed to have not the re
motest connection with the Leyden jars 
and the other paraphernalia of the elec
trical laboratory. But on the well-laid 
foundations of Maxwell's equations 
Hertz proceeded to build a bridge be
tween them. 

His design for testing the theory was 
simply to generate waves by electrical 
means and to show that these waves 
would travel through the "ether" in the 
same way and with the same speed as 
light. Generation of such waves should 
be no great problem. It was well known 
that the electrical discharge from a Ley
den jar was not a one-way current but a 
rapid oscillation. In fact, the German 
physicist Berend Wilhelm Feddersen 
had actually seen the oscillations, by 
viewing a spark discharge with a fast
rotating mirror which showed that the 
sparks jumped back and forth across the 
gap, clearly reversing direction a hun
dred thousand times per second. Hertz 
reasoned that such oscillations, if propa
gated through the "ether," ought to be 
detectable by a resonant receiver some 
distance away from the transmitting 
source. A receiver of the appropriate 
length would pick up the oscillations, 
and they would induce in it a current 
which would be signaled by the appear
ance of a spark across its gap. 

As his receiving "antenna" Hertz used 
a wire or brass rod a foot or so long, 
which meant that the waves he worked 
with had to be of very high frequency. 
He could estimate that the appropriate 
frequency was in the hundreds of mil-
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and valuable goodwill , .% 

walked away 

You have encountered this situation often 
in the past. 

But it doesn't happen very often any 
more ... for a very good reason. 

Today, on a multi-million dollar air
pla n e, practica lly all the electrical and 
electronic control systems are designed 
on a modular or "black-box" basis. Using 
Cannon Connectors for quick plug·in and 
quick disconnect, defective control ele
ments may be replaced in seconds . . .  and 
the a ircraft usually returns to flight 
before the defect ive units get to the shop. 

Are the controls in your electrical or 

electronic product designed on the mod
ular basis? How about your production 
line? Will a minor failure cause breakdown 
of the enti re a utomated system that takes 
hours of down time to repair? Or are the 
controls of your product . . .  and those in 
your plant . . .  designed so that defective 

units anywhere may be disconnected and 
instantly replaced? 

Cannon makes over 27,000 different 
electrical connectors. If one of these does 
not meet your requirements, we'll design 
and make the connector you need. Write 
today! Cannon Electric Co., 3208 Hum
boldt St.. Los Angeles 31, Calif. Please 
refer to Dept. 413. 

Send ior explanatory material on how 
modular designs can save dollars. 

Where Reliability for Your Product 
Is Our Constant 60al 
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lions of cycles per second-that is, in 
what we call today the microwave re
gion. Hertz devised a simple contrap
tion to generate these waves. In the fully 
developed version of his experiments he 
used an induction coil very like the spark 
coil of a Model T automobile engine to 
convert battery current into high-voltage 
pulses; these were fed by wires to a one
foot brass rod broken midway along its 
length by a small gap, with knobs as the 
poles [see diagrams on page 100]. The 
sparks produced across the gap gener
ated current oscillations in the rod with 
a wavelength of about two feet (roughly 
double the length of the rod),  which 
corresponds to a frequency of 500 or 600 
megacycles. Some distance away from 
this transmitter he placed his receiver
a similar broken straight rod, with a tiny 
spark gap having as its two poles a little 
knob and a sharp point. The size of the 

gap was adjustable with micrometer 
fineness. 

Hertz's first historic experiment took 
place in the physics lecture hall at • 

Karlsruhe. He set up his transmitter at 
one end of the hall, his receiver at the 
other end, and in the darkened hall he 
glued his attention to the receiver's spark 
gap. And lot tiny sparks flashed there 
the instant the distant transmitter was 
turned on. The sparks were only a few 

. thousandths of an inch long and lasted 
no more than a microsecond, but the 
human eye is a most sensitive receiver. 
Hertz wrote: "In a perfectly dark room 
[the sparks] are visible to an eye which 
has been well rested in the dark." 

Here, then, were electromagnetic 
waves other than light, traveling through 
the "ether" as light did. How to prove 
that the new waves were like light 

waves? Time was the essence: did these 
waves move with light's speed? In 
Hertz's laboratory, measurement of their 
velocity was impossible. To measure the 
time of travel from the transmitter to 
the receiver required exquisite timing 
with extremely sharp pulses. As Hertz 
remarked: "If we wish to measure a 
length correct to the tenth part of a 

millimeter, it would be absurd to indi
cate the beginning of it with a broad 
chalk line." Hertz had no oscilloscopes, 
no electronic tubes of any kind-in short, 
no means of measuring the velocity of 
his waves directly. Instead, he measured 
their wavelengths, and in this way con
firmed Maxwell's calculations. Hertz 
made these measurements by studying 
the interference between direct waves 
and returning waves reflected from a 

zinc-covered wall acting as a mirror. 
More convincing were his experi-

ELECTRIC FIELD around Hertz's oscillator is mapped. The sec· 

ond, third and fourth drawings each show the lines of force one 
eighth of a full period of oscillation after the preceding drawing. 

All the drawings in this article closely follow Hertz's originals. 
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HYDRAZINE 

In this new lab, these new fuels will be harnessed 
Aircraft and missile fuel systems and auxiliary power 

units using high-energy fuels and nuclear coolants will 

be designed, developed and tested by the Accessories 

Division at this new test center now under construction 

on a 1000-acre tract in Franklin County, Virginia. 

Precision Engineering 

Facilities ... Quality 

Accessories 1) i(!isiOIt 

7hompson P,oducts 
CLEVELAN D 17. OH 10 

Specialists in the design, development and manufacture of aircraft and missile fuel systems and pumps, small gas 

turbines, turbine-driven accessories, power packages, and nuclear-energy accessories and components. 
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Here is a cast aluminum access door 
for an aircraft fuel cell. Of special 
interest is the fact that in its fiat area 
the thin section is held to 0.080" ± 
.010", yet it is pressure tight. Grooves 
for sealing gaskets are cast in to elimi
nate machining; the fuel cell access 
door is used as cast. 

The unusual foundry methods of 
Morris Bean & Co. readily lend them
selves to casting large areas of pres
sure tight thin walls, in compound 
curves or fiat planes. Casting such sec
tions for your missile, aircraft, wave 
guide or electronics parts, may save 
you time and money. May we send 
you technical information? 

Morris Bean & Company 
Yellow Springs 5, Ohio 

pressure tight 
thin wall casting 
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ments showing that his electrical waves 
behaved like light waves in various con
texts. He focused his waves with big 
mirrors of galvanized sheet; he refracted 
them with large prisms made of coal-tar 
pitch; he found that a tinfoil screen, or 
the body of his assistant, cast a "shadow" 
when pi aced in the path of the electrical 
rays. But oddly, only conducting mate
rials cast such a shadow; insulators did 
not stop the ray. Hertz wrote: "It passes 
right through a wooden partition or 
door, and it is not without astonishment 
that one sees the sparks appear inside a 
closed room." 

So now one had waves imperceptible 
to the eye, waves which found thick 
doors not opaque but lucid, waves scaled 
up hundreds of thousands of times from 
the wavelengths of visible light, yet 
waves which nonetheless obeyed laws of 
physical optics. All was as Maxwell had 
represented it: sunlight, candlelight. 
glowworm light and electric current 
were of a kind. 

The importance of Hertz's work was 
recognized immediately. Honors poured 
in upon him from all over Europe. He 
was called in 1889, three years after his 
discovery, to the University of Bonn's 
chair of physics, made eminent by the 
great Rudolf Clausius, who had just va
cated it by his death. Physicists began 
to look into the new regions of the elec
tromagnetic spectrum which Hertz had 
widened so dramatically, and some of 
them soon foresaw practical uses for the 
Hertzian waves. In 1892 Sir William 
Crookes wrote of the possibility of com
munication with Hertzian waves, and 
Guglielmo Marconi, inspired by reading 
Hertz's own account of the waves, sent 
his first wireless messages in 1895, only 
nine years after Hertz's laboratory dis
covery. But Hertz himself, strangely 
enough, showed no prescience about 
possible uses of his waves; he even ar
gued that thev could not be of any prac
tical use. 

Hertz now entered upon experiments 
which fell just short of crossing into 

the new world of physics-the world of 
the electron and the atom. He had al
ready, in fact, observed some atomic 
phenomena without recognizing what 
they meant. He had found that ultra
violet light from the transmitter's spark 
could touch off sparks in the receiver, 
but he did not realize that this was a 
photoelectric effect: that is, that the 
light initiated current in the receiver by 
releasing electrons from the surface of 
its negative pole. The electron had not 
yet been discovered. Hertz had come 
close to discovering electrons in his 
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Insatia�le scientific appetites 
Not too long ago we were asked to produce a 
ceramic capacitor with a temperature coefficient 
of capacitance of 2 parts per million per °C - in 
effect a new tolerance standard of .0002%. 
The short of it is that we produced such a capaci
tor and it is probably the most stable unit of its 
kind known to science today. 
The long of it is that when no commercial equip
ment was available to test the precise character
istics of the finished capacitor, we developed an 
incremental capacitance ratio bridge to prove 
that we had achieved this new standard. And in 
the process we developed a materials blending 
method that enables components to be pre-tested 
before they are produced. 
We enjoy tackling problems like these ... where 
the desired results may not be enough to satisfy 
our scientific appetites ... where we can give our 
customers much more than they even hope for. 
And we usually do. 

G Ulton Industries, 
METUCHEN. N. J. 

Inc 
PLANTS: NEW JERSEY, CALIFORNIA, NEW MEXICO, NEW YORK,. ONTARIO 

ENGINEERED MAGNETICS DIVISION. NUCLEAR INSTRUMENTATION DIVISION. THERMISTOR 

DIVISION. VIBRQ.CERAMICS DIVISION. CG ELECTRONICS CORPORATION. GLENCO COR· 

PORATION. GREIBACH INSTRUMENTS CORPORATION. TITANIA ELECTRIC CORPORATION 

OF CANADA, LTD. 
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earlier experiments with cathode rays at 
Berlin. Seeking to determine whether 
the cathode rays were electromagnetic 
waves or a beam of particles, he had sub
jected cathode rays in a vacuum to a 
strong electric field. If the rays were 
made up of charged particles, the field 
should deflect the beam; if they were 
waves, they would ignore the field. 
Hertz found the rays completely unaf
fected by the field. Unhappily his vacu
um was inadequate; it contained enough 
residual gas to shield the rays from his 
electric field. J. J. Thomson, with a high
er vacuum, was later to discover the 
electron by producing exactly the effect 
Hertz had sought. 

At Bonn, Hertz took up again his ex
periments with cathode rays. He showed 
that the rays could pass through thin 
foils of metal. Had he proceeded further, 
he might have discovered that the 
emerging rays were X-rays. But this was 
his last experiment. Hertz, so gifted, so 
happy, still a young man in his prime, 
was cut down by cancer. An lU1successful 
operation on malignant bone in 1892 left 
him ill and depressed; his diary bears 
the phrase "an unhappy time, fatigue, 
disgust." He gave up the laboratory and 
turned to theoretical work on mechanics, 
producing a reformulation of theory 
which was published after his death un
der the title Principles of Mechanics. The 
book bore an introduction by Helm
holtz-a touching tribute by the still
living 73-year-old master to the young 
friend who had died at 37. Hertz's 
strange, cold, brilliant book on mechan
ics has had little influence, although it 
is in many ways profound and novel. 
But philosophers of science have lately 
rediscovered it;- and the book has now 
been reprinted in English translation
the only.work of Hertz available today 
in English. 

Hertz, in pain and failing health, went 
on lecturing until December, 1893. He 
died on New Year's Day of 1894. His 
widow lived until 1942, and his two 
daughters, one a biochemist, the other 
a physician, are still living in Cam
bridge; England, where they came with 
their lllother in 1937 when. life in Nazi 
Germany grew intolerable for the family 
of a Hertz. 

Heinrich Rudolf Hertz will be re
membered as the last of the great classi
cal physicists; but for the illness that 
allowed him only half a lifetime, he 
might also have been a great name in 
atomic physics. It is heartening to recall 
this gifted and engaging man-ingenious 
and energetic in experiment, profound 
in theory/. philosophical in bent, amiable 
in every way. 
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RARE EARTH RESEARCH 
Recent interesting rare earth research developments 

We are frequently fascinated by the 
imagination of researchers who are 
working with the rare earths. It appears 
that technical people, observing the 
many essential uses of rare earth salts 
in chemical and industrial processes, 
are looking at these fifteen unique ele
ments as a fertile field for exploration. 

During recent years, rare earths have 
been accepted as basic chemical tools 
in a wide cross section of American 
industry. This suggests that fruitful 
results may be expected from the rare 
earth research projects currently being 
carried on in industrial laboratories and 
pilot plant operations from coast to 
coast. Here, for instance, are half a 
dozen which may interest you. 

MILES OF MISCH. This isn't a new appli
cation, but we're wondering if you 
know that misch metal (an alloy of the 
mixed rare earths) is available in wire 
form as well as in ingot and rod form? 
Cerium alloys can also be had in pow
der form; they are used as getters in 
vacuum tubes. We don't make the 
metal, but we can put you in touch with 
those who do. 

FLAME SPRAYING. A new process for 
flame spraying various refractory oxides 
on metallic surfaces has been brought 
to near completion. Titania, zirconia 
and alumina can be flame sprayed, but 
the thing that interests us is that flame 
sprayed cerium oxide has some unusual 
properties. Rare earth oxide is a good 

a report by LINDSAY 

heat radiation material, and it seems 
that metallic surfaces coated with rare 
earth oxide radiate heat much faster 
than do untreated surfaces. 

RARE EARTHS IN PLASTICS. We frankly 
don't know what sort of things rare 
earth-impregnated plastics could be 
used for, but a couple of people have 
taken enough interest in this problem 
to make up experimental samples. We've 
been doing some playing with them 
ourselves and have some ideas about 
using them. Polyethylene, for example, 
can be fabricated to hold up to 5 to 10 
times its weight of rare earth oxide, and 
we've even seen some precision-bore 
epoxy tubing made with a rare earth 
oxide filler. 

SEPARATION AND SAMARIUM. We are 
like a slaughter house in that we would 
like to use everything that a rare earth 
separation process turns out, including 
the squeal. With the interest that has 
been generated in using gadolinium as 
a neutron absorber  (thermal  cross  
section about 46,000 barns), we have 
accumulated quite a pile of samarium 
oxide in rather decent purity. In the 
process of separating gadolinium and 
some of the other rare earths, samarium 
is produced as a by-product. If you can 
think of a use for samarium, we have 
the samarium compounds. 

RARE EARTH GARNETS. These are struc
turally somewhat similar to the garnet 

PLEASE ADDRESS INQUIRIES TO, 

variety grossularite (formula Ca3Al2 
(Si04h). The most interesting ones are 
the rare earth-iron garnets such as 
Y3Fe2(Fe04h This mouthful of for
mula has been abbreviated by research
ers to "YIG" for obvious reasons. Other 
names stem from other rare-earth sym
bols. These garnets, particularly those of 
yttrium, gadolinium, erbium, and some 
others have interesting ferromagnetic 
properties, making them useful as fer
rite materials in electronic equipment. 
We don't make the garnets, but we do 
make the rare earth oxides needed to 
prepare them. 

SIN TERED SHAPES. One of our friends 
once wanted to know if rare earth ox
ides could be pressed and sintered into 
shaped pieces. Apparently they can, 
and our friend made up some experi
mental hot-pressed rare earth oxide and 
cerium oxide pieces for us. 

," 
i'l 

Lindsay produces thorium and rare 
earth salts in purities up to 99.99% for 
a rather surprising variety of chemical 
and industrial applications. Most of 
these materials are available for prompt 
shipment in quantities from a gram to 
a carload. 

We will be pleased to supply your 
research and process development peo
ple with technical data, analyses, prices 
and whatever may be helpful to you in 
exploring the possibility of the profit
able application of rare earths to your 
own problems. 

]jNDSAY CHEMICAL COMPANY 
��c;ff>��57Muumrud��W"� 

264 ANN STREET. WEST CHICAGO, IlliNOIS 
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Trace and film courtesy American Car and Foundry, Division of ACF Industries 

Two ways to look at a railroad car 

Here are two photographs made on Du Pont paper 
and film. 

On the left is a trace made on Du Pont Lino-Writ 
oscillographic paper. It indicates how the impact on 
couplings is absorbed and dissipated when two rail
road cars are struck together. 

The strip on the right was made on Du Pont Type 
931 High Speed Rapid Reversal motion picture film. 
This high-speed panchromatic film, which can be 
processed in minutes, records an accurate picture 
of the test run. 

Both photographs have this III common. This is 

photography with a purpose. Photography that is not 
an end in itself, but a means to an end. This is Func
tional Photography. And it is this field that the Du Pont 
Photo Products Department specially serves. 

Among our products are x-ray films for medical 
and industrial radiography ... photocopy paper ... 
specialized films used in printing by offset, lithography 
and gravure ... engineering reproduction films ... 
motion picture films for photographic analysis. 

If you use Functional Photography in your busi
ness-and you should-our products can serve you in 
many ways. E. I. du Pont de Nemours & Co. (Inc.), 
Photo Products Department, Wilmington 98, Delaware. 

<[OP08l> Films, Papers and Chemicals for 
CI(G. U. S. "AT. Off. 

BETTER THINGS FOR BETTER LIVING FUNCTIONAL PHOTOGRAPHY 
• . .  THROUGH CHEMISTRY 

108 

© 1957 SCIENTIFIC AMERICAN, INC



TOOTH DECAY 

The status of the problem: Tooth enan1el is not a rocklike substance 

but a living tissue. It is sometimes invaded by bacteria, depending 

on heredity, nutrition and other factors influencing the individual 

For the tooth misery that brings us 
all at unpredictable intervals to the 
dentist's chair and now costs the 

U. S. people more than $1,600 million 
per year, we can lay part of the blame 
on the fact that dental skill has become 
almost too effective. We expect the den
tist to repair all defects, even to improve 
on nature, and therefore we accept the 
familiar cavity as a not too serious con-

bv Beidar F. Sognnacs 

dition of modern life. As a result we 
know all too little about what causes 
our nation's most common and most 
costly disease. 'Why spend effort on re
search into the causes when we already 
have the cure? 

One answer is that the dentist is tak
ing care of only one third of our popu
lation's dental ills. There is an estimated 
backlog of 700 million unfilled cavities. 

By the age of 35, more than two thirds 
of the American people are in need of 
bridges or dentures to replace lost teeth. 
To keep pace with all our dental needs 
would require three times as many den
tists as we have, and the cost would 
be tremendous. Prevention is the only 
rational solution; research the only hope
ful approach. 

Fortunately dental research has now 

ENAMEL OF A HUMAN TOOTH partly covered with bacteria 

(bottom) is enlarged 10,000 diameters in this electron micrograph 

made by David B. Scott of National Institute of Dental Research 

and John T. Albright of the Harvard School of Dental Medicine. 
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DECA YING MOLAR TOOTH of a rat is shown in section by these photomicrographs. At 

top bacteria (dark spots) penetrate the transparent enamel layer. At bottom the bacteria 

invade the slender canals in the dentin which lies beneath the enamel of the tooth. These 

canals normally contain protoplasmic extensions from dentin·forming cells in the pulp of 

the tooth. The bacteria destroy the protoplasm as well as the adjacent tendon·like substance. 
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begun to attract scientific interest and 
financial support. The first fruits of this 
study have confirmed some of our com
mon notions about the cause of cavities. 
Clearly implicated is grandmother, 
sweetly dispensing "sugar and spice and 
all that's nice." Recent research has led 
the trail back further into the life history 
of our teeth, and grandmother is again 
in the picture. For now it appears that 
her biological contribution to what little 
boys and girls are made of-the genetic 
background, in other words-has a sig
nificant role in our dental troubles. Along 
with our heredity and last night's snack 
we are now able to implicate certain 
other decisive fa�tors which act on the 
teeth from the cradle to the grave. Our 
new understanding has taken much of 
the dogmatism out of the old arguments 
about the causes of tooth decay. It shows 
that the process is a great deal more 
complex than was supposed. Although 
its true nature remains obscure, we 
know for sure what dental decay is not. 
It is not an allergy, an inflammation, an 
atrophy or a cancer; it is a disease in 
a class by itself. 

The slogan "a clean tooth never de-
cays" arose from a theory which 

dates back to the days of Louis Pasteur 
and had its widest acceptance in the 
1890s with the publication of W. D. 
Miller's classic Micro-Organisms of the 
Mouth. Tooth decay was pictured as 
a kind of chemicoparasitic process. 
The microorganisms fermented carbohy
drates in the mouth and produced lactic 
acid, which in turn dissolved the in
organic salts in the protective enamel of 
the tooth. The enamel was thought of 
as a rocklike, inert structure, a passive 
.prey to its environment of bacteria, food 
debris and acid. 

This straightforward explanation had 
to be amended at the turn of the cen
tury when it was found that the enamel 
is in part organic. From this fundamen
tal discovery much of our current re
search activity still flows. We now know 
that the enamel shares with other bio
logical tissues an all-pervading organic 
framework [see "The Skin of Your 
Teeth," by Reidar F. Sognnaes; SCIEN
TIFIC AMERICAN, June, 1953]. An im
portant mechanism in the formation of 
cavities may, therefore, be the break
down of the organic framework by the 
body's enzymatic processes. Investiga
tions with radioisotopes show, further
more, that the enamel interchanges its 
constituent elements in a two-way traf
fic with both the saliva and the blood
stream "through the process of ion ex
change. The turnover in the enamel is 
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MILLIONS OF SHARP, SUPERHEATED PARTICLES, 
traveling at high velocities, quickly wear dust col. 
lector linings, mains, downcomers, etc. Metals and 
most ceromics simply can't withstand this harsh 
abrasion. But CARBOFRAX refractories can-even 
at temperatures as high as 2500°F. A CARBOFRAX 
dust collector lining in an ore sintering machine is, 
for example, still in use after 10 years' service. 

Refractories ••• to resist abrasion 
Exceptional resistance to abrasion-whether caused by tiny gas
borne particles or sliding steel billets -is one of the most useful 
properties of several of Carborundum's unique refractory mate
rials. For example, when used in the exhaust lines of gasoline 
catalytic cracking units in temperatures ranging up to 1200°F, 
these refractories lasted 3 years, as compared to alloy rings 
which lasted for 6 months. 

And when abrasion is combined with higher temperature, 
the exceptional resistance of these super refractories becomes 
even more apparent and useful. As skid rails in furnaces which 
heat 6·lb. billets to 2250°F -pushing 250 slugs an hour
CARBOFRAX@ silicon carbide refractories need one-third the 
replacement, one-third the labor and one-third the down-time of 
ordinary rammed chrome ore hearths. Other successful applica
tions include: dust collectors, gas scrubbers, transfer pipe lines, 
hydro cyclones and process equipment parts, to name but a few. 

Many applications call for other properties in combination 
with wear resistance. Among Carborundum's many materials 
are refractories that also offer excellent heat shock resistance 

CARBORUNDUM 
Registered Trade Mark 

with sufficient hot strength to withstand 25 psi at 3128°F. 
Others provide unique resistance to corrosion as well as abra
sion. These properties are but a few of those to be found in 
super refractories pioneered by Carborundum. Among them, you 
are almost certain to find answers to your refractory and high
temperature problems. For help, fill in and mail this coupon: 

r--------MAIL THIS COUPON TODAY-------, 

Dept. Q127, Refractories Division, 
The Carborundum Company, Perth Amboy, N. J. 
Please send me: 

o Forthcoming issue of Refractories Magazine 

o Bulletin on Properties of Carborundum's Super Refractories 

o Here is a description of my high temperature problem. 
Can you help me? 

Name' ______________ Tit le' _________ _ 

Company _______________________ __ 

Stroel ________________________ _ 

City· ___________ �Zone __ State _ ______;--------
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about one fifth that in the dentin; in the 
tooth as a whole it is much slower than 
it is in bone. 

The give and take of material, pro
ceeding simultaneously on both sides of 
the enamel, establishes an important 
biological relationship between the ex
ternal environment of the tooth and its 
internal pulp, or "nerve." When the 
traffic is in equilibrium, the tooth's in
tegrity is maintained; when the equi
librium changes, the tooth substance 
changes also, either for good or for ill. 
In the erupting teeth of children the 
exchange of certain elements, such as 
calcium and phosphorus, is 10 times 
more rapid than in teeth that have been 
in the mouth a long time. It is thought 
that the external exchange with the 
saliva in infant teeth is of special sig
nificance in establishing the quality of 
the enamel. Without doubt it is the 
higher rate of interchange in growing 
teeth that explains why the drinking of 
fluoridated water and the topical appli
cation of fluorine confer a higher de-

gree of protection on children than on 
adults. In brief, the tooth is no longe) 
regarded as a passive subject, but an 
actor in the contest of decay. 

We have recently obtained conclusive 
experimental evidence that there 

can be no tooth decay without bacteria 
and a food supply for them. In germ
free laboratories at the University of 
Notre Dame and the University of Chi
cago, animals innocent of oral micro
organisms do not develop cavities_ 
Where animals in normal circumstances 
average more than four cavities each, the 
germ-free rats show no signs of caries. 
At the Harvard School of Dental Medi
cine we have demonstrated the other 
side of the coin: that food debris also 
must be present. Rats that have plenty 
of bacteria in their mouths but are fed 
by tube directly to the stomach do not 
develop cavities. In a pair of rats joined 
by surgery so that they share a common 
blood circulation, the one fed by mouth 
develops tooth decay, the one fed by 

MOLARS OF RATS raised in normal environment (top) and in a germ-free environment 

(bottom) are contrasted. Teeth at top are heavily decayed; the teeth at hottom are entirely 

free of decay. These pictures are from a study of Frank J. Orland of the University of Chi
cago and his colleagues, working in the germ-free laboratory of the University of Notre Dame. 
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electrical wonder rubber OFFERS TRIPLE VALUE 
Performance! Versatility! Economy! In all three, Enjay Butyl is the world's 

outstanding rubber value. In a wide variety of applications, Enjay Butyl 

rubber stands unmatched in its ability to resist ozone and corona, impact and 

abrasion, moisture and weathering ... properties that contribute to the 

outstanding performance of Butyl-made products. 

Instrument transformers, underground service cables, high voltage indus

trial cables ... in these, and many other electrical applications, Enjay Butyl 

out-performs and out-lasts all other types of rubber, synthetic or natural. 

Low-in-cost and immediately available, this truly wonder rubber may well be 

able to cut costs and improve performance in your products. For further 

information, and for expert technical assistance, contact the Enjay Company. 

Pioneer in Petrochemicals 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Akron' Boston' Chicago' Detroit· Los Angeles' New Orleans' Tulsa 

BUTYL 
Enjay Butyl is the greatest rubber value 

in the world ... the super-durable rubber 

with outstanding resistance to aging • 

abrasion • tear • chipping • cracking • 

ozone and corona • chemicals • gases • 

heat • cold • sunlight • moisture. 
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AMATEUR 

TELESCOPE 

MAKING 

Edited by Albert G. Ingalls 

This set of books is the authorita

tive reference library of the en

thralling hobby of amateur tele
scope making. Through these 

books thousands have discovered 
a fascinating mechanical art com

bined with a great science. 

Book One 

It begins at the beginning, teaches 

the basics of glass grinding and 

how to complete the first tele
scope. (497 pages, 300 illustra

tions.) Postpaid: $5.00 domes· 

tic, $5.35 foreign. 

Book Two 

This book leads on into advanced 
methods of amateur optical work 
and describes new projects for the 

telescope maker. (650 pages, 361 
illustrations.) Postpaid: $6.00 
domestic, $6.35 foreign. 

Book Three 

Book Threeopensup further fields 

of enterprise; e. g., binoculars, 
camera lenses, spec trographs,  

Schmidt optics, eyepiece design, 

ray tracing (made easy). (644 
pages, 320 illustrations.) Post

paid: $7.00 domestic, $7.35 
foreign. 

Send postcard 

for descriptive circular 
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415 Madison Avenue, New York 17, N. Y. 
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LOWER JAWS OF RATS, here enlarged about two diameters, contain three molars on 

each side. Tooth decay in the jaw at right resulted after 100 days of a decay·producing diet. 

tube does not. None of this, to be sure, 
can be taken as an answer to the 
problem of preventing caries: in real 
life we cannot keep our teeth perfectly 
clean or our mouths completely free of 
bacteria. 

Another important factor in the oral 
environment is the saliva. Any disturb
ance in the production of saliva pre
disposes to decay. Interestingly enough, 
tube feeding offsets this effect complete
ly. Even with the salivary glands re
moved by surgery, tube-fed rats were 
protected; but upon return to normal 
feeding they were subject to rampant 
caries. There is also some evidence that 
hormones play a part in tooth decay. 
Several laboratories have reported that 
castration of animals, especially males, 
reduces the incidence of caries. The re
lationship between hormones and the 
teeth is now under intensive study, espe
cially by workers at Indiana University. 
It seems that hormones act both on the 
teeth themselves and on the oral environ
ment through the saliva. 

This brings us to the question of what 
we know about resistance to decay. 

For many years the major studies on this 
aspect of the problem have been de
voted to nutrition, especially its role in 
the formation and growth of the teeth. 
More than 30 years ago it was observed 
that monkeys did not develop cavities, 
even when they were fed a sticky sugar 
mixture, unless they previously had suf
fered from multiple vitamin and mineral 
deficiencies. Work on this line has been 
followed up in many laboratories, and it 
is facilitated by the discovery that rats 
and hamsters can be made susceptible to 
caries at will by modification of their 
diet. Our own experiments have shown 
that the quality of nutrition plays a de
cisive role during the embryological and 
early infant phase of tooth development. 
We tested a synthetic diet, fulfilling all 
the known nutritional requirements and 
exceptionally rich in sugar. This was fed 
to some animals throughout pregnancy 
and the nursing period and to the off-

spring after weaning. The incidence of 
caries among these offspring was three 
or four times higher than among con
trol animals whose nutrition before and 
after birth was supplied by ordinary 
laboratory rations. 

Efforts have been made to find out 
what factors in the ordinary ration make 
for resistance. We burned the stock ra
tion, reducing it to its minerals, and 
added this ash to the synthetic diet. It 
reduced the number of cavities per ani
mal almost to the same low level as 
among the control animals. Trace ele
ments were thus proved to be very im
pOltant. Also significant was an experi
ment at the Massachusetts Institute of 
Technology which showed that food 
grown in New England confers less pro
tection on laboratory animals than food 
grown in the soil and climatic condi
tions of Texas. Investigations at the Na
tional . Institute of Dental Research in 
Bethesda, Md. , indicate that the heat 
processing of food in some way affects 
the frequency of cavities. An important 
factor seems to be the destruction by 
heat of the amino acid lysine. A diet with 
a low phosphorus and high calcium con
tent also seems to promote caries. In 
these experiments the teeth of the ex
perimental and control animals were mi
croscopically indistinguishable, despite 
marked differences in chemical composi
tion and susceptibility to decay. 

T he most thought-provoking news in 
dental research today is coming from 

studies of hereditary factors. Groups at 
Michigan State University, the National 
Institute of Dental Research, the Uni
versity of Rochester and our laboratory 
at Harvard have produced caries-resist
ant strains of rats and hamsters and 
have studied them for a number of years, 
in some cases for as long as 25 genera
tions of the animals. Genetic factors can 
produce impressive contrasts in the in
cidence of dental disease, at least among 
laboratory animals. The Michigan State 
workers have bred susceptible rats 
which, on a decay-inducing ration, show 
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HEREDITARY DISPOSITION to tooth decay was accentuated by inbreeding in tlte genetic 

studies of H. R. Hunt and his colleagues at Michigan State University. In these two curves 

the aventge age at which the rats developed cavities is plotted against the generation after 

inbreeding had begun. A strain of rats resistant to decay became even more resistant (block 
curve). A strain susceptible to decay became slightly more susceptible (colored curve). 

caries as early as the 35th day after 
birth, and resistant rats which on the 
same ration do not develop the first cavi
ty until 550 days after birth. Investiga
tors are now exploring the factors 
through which heredity works to make 
the animals susceptible or resistant. They 
have found, for one thing, that sus
ceptible rats are much more likely to 
harbor certain microorganisms in their 
mouths than resistant rats are. They 
have also noted that the molars of 
susceptible strains of rats have deep, 
narrow grooves, where food debris can 
collect. 

In the long run it is likely that the 
deeper secrets of dental health will turn 
out to lie within the teeth themselves 
and not merely in the environment. 
While we may learn to improve the 
qualitv of our teeth, perhaps the ultimate 
lesson to be learned from dental research 
is how to live with our environment, un
favorable as it may be. For unless we 

live in germ-free tanks and feed our
selves by stomach tubes, a clean tooth 
never will exist. As we improve our 
understanding of the mechanism of de
cay we shall learn to prevent it through 
our diet and drinking water and by 
topical application of chemical agents, 
as well as by the familiar methods of 
oral hygiene. 

Meanwhile there is nothing to sug
gest that the tremendous rise in tooth 
decay throughout the world during the 
past few centuries has leveled off. With 
increasing life expectancy dental ills 
are going to become more and more 
widespread and costly, dissipating time 
and energy and causing pain, distrac
tion and apprehension among a popu
lation which in other respects will be 
growing healthier. Nothing short of a 
broad and strongly supported scientific 
attack is likely to bring this problem un
der control before it gets completely out 
of hand. 

DROOLING ANESTHETIZED RATS provided saliva for Hunt and his colleagues. They 

analyzed saliva from resistant and susceptible rats to determine whether there are chemical 

differences which may explain the variations in hereditary predisposition to tooth decay. 
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The Indestructible Hydra 

This tiny fresh-water animal can be cut into as many as eight 

pieces, each of which then grows into a complete individual. 

Recent studies have illuminated how it grows and regenerates 

T
he hydra is an improbable crea
ture which our biology textbooks 
have made familiar-if not quite 

believable-to us all. Its name comes, of 
course, from the nine-headed Greek 
monster Hydra, which grew two new 
heads in place of every one that was 
cut off. The tiny real hydra, though any
thing but fearsome (except perhaps to 
the water fleas upon which it feeds), 
can do much more than its mythical 
namesake. No matter how you slice it 
up or manhandle it, it comes to life 
again; indeed, it is the most irrepressible 
of all known multi celled animals. This 
makes the little hydra an endlessly fas
cinating research subject. It has been 
subjected in recent years to some re
markable experiments which throw light 
on general questions concerning the 
growth and form of living things. 

Hydra is an inconspicuous inhabitant 
of reedy ponds and sJow-running waters. 
It was discovered by Anton von Leeu
wenhoek among the tiny "animalcules" 
he found on looking through the first 
microscope. The slender creature is 
about the size of a bit of coarse thread 
a quarter of an inch long. It has an ex
tremely simple structure-little more 
than a tube with a wall made up of two 
layers of tissue. The foot end of the tube, 
where the animal attaches itself to a 
weed, is closed; the head end has a 
small mouth-opening and a group of 
tentacles. 

T
he first experimenter to discover the 
recuperative powers of hydras was 

an 18th-century Swiss, one Abraham 
Trembley, the poorly paid tutor of the 
children of the Comte de Bentinck in 
Holland. He took notice of these slender 
organisms in the ponds of the count's 
garden. Because of their green color, he 
first took them to be plants, but when 
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he saw them swallow tiny crustaceans 
that collided with their tentacles, he de
cided they must be animals. Trembley, a 

man consumed by the scientific itch, cut 
some hydras in two to see what would 
happen. Each half grew into a whole 
animal again! This was somewhat con-

fusing, but Trembley could not let well 
enough alone: he went on to manhandle 
hydras in every way he could think of. 
He would cup the animal in a drop of 
water in his hand and operate on it with 
a needle or a piece of horsehair. His 
dexterity was remarkable; with all our 

HYDRA TURNS ITSELF INSIDE OUT in these photographs made by Roman Vishniac in 

the laboratory of W. F. Loomis in Greenwich, Conn. Placed in a "tasty" fluid, the hydra 

© 1957 SCIENTIFIC AMERICAN, INC



modern instruments, experimenters to
day have improved little on Trembley's 
skill in handling hydras. 

What he found was this. When a hy
dra was cut into as many as eight pieces, 
each piece could still regrow into a com
plete hydra. An animal sliced length
wise, with a connection left at the bot
tom end, would speedily fuse together 
again if the slips were put together, or 
would form two Siamese-joined hydras 
if they were kept apart. If a hydra's body 
was amputated, the head quickly grew 
a new body. Trembley found that even 
when he turned a hydra inside out, by 
inserting a horsehair into its body cavity 
and then delicately peeling off the body 
like a sock, the animal lived and func
tioned in a perfectly normal way. 

T
rembley published an account of his 
extraordinary experiments in 1744, 

and it immediately caught the attention 
of enlightened men throughout Europe. 
The whole thing was difficult to believe, 
but when Rene Antoine Ferchault de 

Reaumur, the foremost scientist of 
France, and the president of the Royal 
Society in England both confirmed 
Trembley'S discoveries by repeating his 
experiments, everyone took up the in
vestigation. The Duke of Richmond 
went to Holland on behalf of the Royal 
Society to observe Trembley at work. 
The leading members of the learned so
cieties of England and the Continent 
experimented daily on hydras, and they 
exchanged their regenerated animals by 
careful post as precious gifts. 

In our more sophisticated century the 
hydra has been a favorite laboratory sub
ject of biologists studying growth and 
form. They have chopped up the animal 
and put the pieces together in many 
different ways in an effort to see how 
living tissue develops and takes shape
as one might take a watch apart to see 
how it works. The procedure is always 
fascinating, but so far most of the exper
iments have merely told us more about 
the wonderful feats the hydra is capable 
of performing, without enlightening us 

a great deal on how it manages to per
form them. 

The little hydra offers all sorts of in
teresting questions for a biologist. A 
hydra can reproduce either sexually or 
by putting out buds that grow into off
spring: what determines which course it 
will follow? How much punishment can 
a hydra take? Is it a totally versatile mass 
of protoplasm, or are there critical parts 
that control its growth? Experimenters 
have looked into many such questions. 

W
hat happens when a hydra is turned 
inside out? Usually it dies, but it 

can survive in one of two ways. Often 
it simply turns itself right side out again, 
by dint of writhing, stretching and un
rolling. Philip A. Orkin of the University 
of Aberdeen was even able to make 
hydras turn themselves inside out! He 
put them in a flat glass dish plated with 
yeast. The hydras, finding this a tasty 
food, bent over and spread their mouths 
over the yeast. Often the mouth spread 
out so wide that its rim snapped back 

opens its mouth (first photograph). The rim of the mouth then 

folds back over its body, exposing more of its interior to the fluid 

(second photograph). The process continues (next three photo. 
graphs) until the animal is completely inside out (last photograph). 
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over the body; then the inner body-lin
ing, greedily reaching for the yeast, 
gradually rolled out until the animal was 
almost completely everted. Later the 
hvdra reversed the process and recov
ered its normal condition. But everted 
hydras have been known to live and 
thrive without bothering to turn them
selves right side out. R. L. Roudabush 
of Iowa State College reports that in 
these cases the two layers of tissue-the 
turned-in outer skin and the turned-out 

o 

inner layer-get back to their normal po
sitions by cross-migration of their cells: 
sliding past each other singly and in 
groups, the cells of epidermis move out 
to where they belong and those of the 
inner lining move in, until both layers 
are reconstituted in their proper places. 
Just how the cells "know" where they 
are supposed to be is a mystery. 

A long time ago Florence Peebles, the 
versatile and illustrious biologist who 
did a great deal of experimental work at 

the Marine Biological Laboratory in 
Woods Hole, Mass., found that a bit of 
hydra tissue as small as six thousandths 
of an inch in diameter could grow into a 

complete hydra. More recently Emma 
Papenfuss of the Johns Hopkins Univer
sity experimented in dissecting hydras 
and watching what happened when frag
ments were put together. She discovered 
that a new hydra could not be regener
ated by a piece of inner or outer tissue 
alone; both had to be supplied. The frag-

HYDRAS REGENERATED FROM FRAGMENTS in experiments 

by Emma Papenfuss of Johns Hopkins Unive"sity always regrew a 
foot from stained foot tissue (shaded). The four series (two series 
are in the second row) also illustrate the merging of excess parts. 
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Electronic Airplanes 
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Throughout the world, flights in electronic Simulators 
-which never leave the ground-enable crews who 
will soon command undelivered aircraft to fly them in 
advance electronically ... guide them over specified 
courses through precision instrumentation ... land 
them on strange airports ... readying for the day when 
they will fly the actual aircraft. 

The Simulator provides the exact "feel" of the 

prototype. Instruments, navigation, sounds, opera
tional problems-all are simulated with complete real
ism . Months of experience are compressed into hours. 

Electronic Simulators built by CurtiSS-Wright for 
every aircraft type-including the new jets-are add: 
ing to the safety of flight, saving millions of dollars 
and thousands of man hours yearly for commercial 
and mIlitary operators all over the world. 

ELECTRONICS DIVISION 

Simula,ors by CURTISS=tNlRIOH'� 
CORPORATION • CA RLSTADT, N. J. 

CURTISS-WRIGHT DEHMEL TRAINING EQUIPMENT licensed under basic patents of 

R. C. DEHMEL AND CURTlSS.WRIGHT Canadian Licensee: Canadian Aviation Electronics Ltd., Montreal 
British Licensee: Redlfon Ltd., London French Licensee: Societe d'Electronique et d'Automatisme, Paris 

121 

© 1957 SCIENTIFIC AMERICAN, INC



122 

ASJociate Membership 
in the 

AMERICAN MUSEUM 
OF NATURAL HISTORY 

Membership in the AMERICAN ML·
SEUM-a national asset in which every 
American can take pride-brings YO�l 
and your family the cultural and edu
cational benefits of a worlel-famous 
center of learning devoted to man's 
better appreciation of the \\'orlcl in 
which he li"es. 

Your Th1embership brings the Nlu
seum to you, wherever YOll are, and in
cludes among other privileges a sub
scription to .Natural History, the 
Ivluseu111's colorful magazine of W011-
del-s in science, exploration and nature. 
Your "Membership also helps advance 
the 1"fuseu111's continuing program of 
scientific research, world-wiele expedi
tions, publications, conservation edu
cation, Museum-school programs and 
other activities. 

Associate :Membership clues are only 
$5 annuall)'. If you and your family 
would enjoy participation in this dis
tinguished program, you are invited to 
\\Tite today to Dr. ''1illiam A. Burns. 
Membership Secretary. 

THE AMERICAN MUSEUM OF NATURAL HISTORY 
Central Park West at 79th St., N. Y. 24, N. Y. 
Alexander )f. \Yhite. rIlES. Albert E. Parr. nIH. 

ments first united to form a two-layer 
sheet; then the sheet rolled up to form a 
cylinder, with the epidermis on the out
side; finally the cylinder ends grew a 
head and a foot, respectively. What 
could be simpler-or harder to explain! 

Dr. Papenfuss cut off a hydra's foot, 
stained it with methylene blue, chopped 
up the rest of the body and then mixed 
all the fragments together. In every case 
the foot wound up as a foot in its proper 
place in the regenerated hydra. \"'hen 
she put together the chopped-up frag
ments of several individuals, the heads 
jOined up with heads, feet with feet, 
tentacles with tentacles. Like has a strik
in g affini ty for like, even if the result is 
an excess of feet or tentacles. Eventually 
the parts coalesced: a regenerated hy
dra's two heads became one, and similar
ly it was reduced to a single foot and 
to the normal number of tentacles. 

H. W. Chalkley of the National Cancer 
Institute in Bethesda, Md., performed 
some much more drastic experiments. 
He decapitated about 20 hydras and 
minced up their trunks into a jelly-like 
mush. Then he distributed bits of this 
paste in a number of little conical holes 
bored in a hlCite block. The block was 
covered with agar and immersed in salt 
water. After 24 hours Chalkley took the 
cones of hydra paste (now fus�d) out of 
their molds. Each promptly rolled up 
into a ball, and within a week had grown 
into a hydra, complete with head, or 
heads, and tentacles. The largest indi
vidual had four heads: it worked out 
that the number of heads was roughly 
proportional to the surface area of the 
globules of tissue from the various-sized 
molds. 

P
aul Brien and co-workers at the Uni

·versity of Brussels have carried out 
in the last few years the most intensive 
and systematic experiments yet per
formed on hydras. Brien has been trying 
to find out just how a hydra grows and 
maintains i ts form. Suspecting that its 
growth stems from an active center in 
the head region, he undertook to label 
the tissue of the neck and follow its 
growth migration. Brien first tried 
sticking a bit of fine silver wire into the 
neck; when the hydra insisted on ex
pelling this foreign object, he decided 
that he would have to mark the tissue 
with dye. This proved to be very diffi
cult, for a hydra is continually stretching 
and contracting its body (a specimen 
only one tenth of an inch long can stretch 
out to half an inch). Brien resorted to a 
delicate operation, taking advantage of 
the hydra's regenerative ability. He 
stained one hydra with a blue dye, cut 

STAGES OF REGENERATION are shown 

in these drawings based on the work of 

Papenfuss. Bits of tissue (top) coalesce, 

form a flat sac and then a cylinder. One end 

gives rise to a foot; the other, tentacles, 

© 1957 SCIENTIFIC AMERICAN, INC



• Armament 

• Bollistics 

• Rodar Antennos 

• Guided Missile 

Support Equipment 

• A!!lxiliory Power Supplies 

• Control Systems 

Throughout the Pattern of Modern Defense ... 

AMF has experience you can use 
• Most defense problems fit into AMF's "big picture" ... a picture drawn from AMF's 

tremendous backlog of experience in defense work. Wherever you are, there's probably 

an AMF defense component or integrated system ... a product of AMF experience ... 

operating near you . •  Guided missiles ride on AMF equipment to AMF launching sites 

... to be loaded, fueled and fired by AMF-built equipment. Under the sea, AMF-built 

weapons wait for unfriendly submarines on the prowl. Along our borders, AMF radarscopes 

search the sky for "stranger" aircraft . •  There is little room for failure where the job is the 

nation's defense. And the nation looks to companies like AMF to design, test and produce 

a variety of defense products. With a wide range of experience in the most sensitive fields 

of defense work, AMF may well be the answer to your problems ... in defense £!" industry • 

Defense Products Group 

AMERICAN MACHINE & FOUNDRY COMPANY 
1101 North Royal Street, Alexand,ia, Va . 

DEFENSE 
PRODUCTS 

Asbury Pork • Atlanta • Boston • Brooklyn • Dallos • Davton _ los Angeles • Seattl. • Tucson • Woshlngton, D. C. 

123 

© 1957 SCIENTIFIC AMERICAN, INC



DAYS 2 

.�: 

�:� 
:.�. :.) 
,.- :::�: ;!': 

.-

D AY S 3 4 

PARTLY COLORED HYDRAS were made by Paul Brien of the 

Free University of Brussels by combining parts of stained animals 

with unstained ones. The top row shows the replacement of tmnk 
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tissue by the stained tissue g"owing down from the head. Buds are 

numbe"ed in order of appearance, The bottom row shows the de
crease in growth rate as tissue l110ves downward from nerk to foot. 
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it in two and grafted the head end onto 
the headless trunk of another, unstained 
individual. To make sure that the two 
halves would fuse, he had to thread 
both on a silver wire and press them 
together. After four hours they had 
fused sufficiently so that he could re
move the wire. Brien then had a hydra 
with a blue head and a naturally colored 
trunk and foot. To make the color de
marcation sharper, he sometimes grafted 
a red-stained half to a blue-stained half, 
or placed a red neck between an un
stained trunk and unstained head. 

Stained cells do not pass the dye along 
from cell to cell. Therefore any move
ment of the dye through the body repre
sents the growth or migration of tissue. 
Brien found that the dyed tissue near 
the head rapidly migrated toward the 
hydra's foot. Within about a week it had 
reached the mid-trunk, where the hydra 
puts forth the buds that are to become 
its offspring. In another week the dyed 
cells had moved all the way down to the 
animal's foot. 

The conclusion was clear. The stained 
tissue had been shunted down to the foot 
by new growth originating in or near the 
head. By this experiment and many simi
lar ones Brien demonstrated that the 
hydra continuously produces new tissue 
in a zone of rapid growth just below the 
tentacles; that the tissue travels down 
toward the animal's foot, still growing 
but at a slowing rate, and that after it 
has arrived at the base the aged tissue 
disappears. In short, the hydra's body 
is like a candle flame, which is continu
ally fed at the combustion source and 
continually dies at the flame tip. The 
substances of a flame are fleeting, but 
the flame itself keeps its characteristic 
form and structure. Just so a hydra 
maintains a certain size and shape, al
though the material of its body lives only 
briefly. 

In the hydra the wick, so to speak, is 
its head. If we cut off the head and trans
plant it in the side of another hydra, a 
whole new hydra will bud and grow out 
of the host. Conversely, if a hydra's head 
loses its vitality, the animal will die, as 
a candle flame expires when the wick 
burns out. When generation of new tis
sue by the head ceases, the hydra's body 
slowly collapses into a little white mound 
and eventually disappears. 

The hydra exhibits, perhaps more 
dramatically than any other creature, the 
dynamic process of continual birth and 
death which is the essence of every liv
ing thing. Undoubtedly biologists will 
continue to learn from this fascinating 
and spectacular little animal for cen
turies to come. 
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Tensile strength (in Ibs. per sq. in.) • • • • .•••• . •  1500 to 2000 
Adhesion to metal (in Ibs. pull on a I-inch-

wide strip) over 85().201 Primer • • • • • • • . •••• 10.3 
Resistance to abrasion (grams abrasive 

per mil thickness) • • •• • • •••• • • • •••••••• • •• 2160 
Test method: Bell Abrasion Tester 

Hardness (in knoop hardness units) • • • •••••••• 2.9 
Test method: Tukon Hardness Tester 

Hardness (Sward Rocker Test) . . . . . . .. ... . . .. 20 

c[(J POBJ) 
REG. u.s. PAT. off. 

BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY 
-------------------------------------1 
I E. 1. du Pont de Nemou"'! & Co. (Inc.) 

. 

I I Finishes Division, Room 30S·A, Nemours Bldg., Wilmington 98, Delaware I I
I 

Please send me latest data on TEFLON Finishes. I am especially interested in (check applicable I boxes)-

I 0 Properties and potential uses 0 TEFLON Wire Enamel I
I I 0 TEFLON spray finishes 0 Name and address of nearest TEFLON applicator 

I Name I 
I Company I 
I Street City Zone __ State I 
L ____________________________________ J 
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Kits for Christmas! 
GENIAC COMPUTER KIT 
You can construct oycr 50 different circuits and 40 
different machines that compute, reason, soh-e 
puzzles and demonstrate a wide variety of basic 
computer circuIts with the GENIAC® electric brain 
construction kit. Thousands of schools, colleges, 
industrial firms and private individuals have bought 
GEKIACS since we first bl'ought them on the market. 

GEHIAC® set up to do a problem in space ship engineering 

'Ye ha'oe recently added a circuit for composing 
music, which gives us special pleasure because it 
was designed by a 16 year old boy who learned 
about computers from his GENIAC@. Dozens of 
other youngsters hare created their own designs for 
computing circuits, used GENJACS in their sehool 
Pl'Ojcr-ts and established a solid foundation of in
formation on computers with GE"KIACS. 

Each kit comes complete with Beginners Manual, 
Stud�- (.\lide, instructions for building all the ma
chines and circuits, ra�k (exclusive with our 
GENIAC), parts tray, and our complete Question 
answering service. \Vhen you buy a GENIAC you 
aJ'e buying a first eourse in computer operation. 

Each Idt tomes with n two week money back 
guarantee if you are not satisfied. 

Price of Kit complete with )1al'ts tray, ra('].;:, all 
roml10nents, manuals and texts $19.95 (postpaid in 
U. S . . add 80c west of Mississippi). ($2.00 outside 
United States.) 

A 66-inch Slide-rule 
for your pocket 

Slide Rule Open 

The GEK1AC'® Calculator ear
ries (;G-lnch spiral scalcs yct 
measures only ten inches fully 
extended and six inches when 
closed. Four to five figure ac
curacy can be relied on. It is 
indispensable to the scientist. 
research worker and studcnt. 
Adminlstrati\"C staff and busi
negs men will find it of tre
mendous value for a host of 
estimating and checking cal
culations, and <Illite simple to 
use. Of non-warping metal COIl
struction. with plastic coated 
scalcs, it will gh'c years of 
scrvicc. 

'The GENI.AC'® Rlide Utile 
solves multiplication. division, 
percentage calculations and 
gh'cs 5 place logarit.hms as well. 

You may use it for 30 days and if you are not 
satisfied repack and mail it back. 

What our users say: 
'·)'la)' I congratulaie you on such an instrument at so 
modest a price, (;omlJining engineering and mathematical 
skill. simplicit�· of operation in sHeh a slllall space, It does 
all you claim-four or five fig-
ure accuracy without eyestrain r 
or magnifiers. Half an hour's 
study is ample fOI" its use." 
A.E.B. . 1I.1.Sc. 

··1 ha\"e tcstcd the CEX1AC 
Slide Rule in m:.,. office and 
find it mllch superior in clear
ness and accuracy to ordinary 
slide rules," F.H.C.B. 

·'1 use the CEN1AC Calcu
lator fo1' all my slide rule work 
and need the extra digit which 
normal slide rules cannot give. 
I had to get one of my CllS
tomeI's a GEXIA(' Slide Hulc 
last month after lIsing mine in 
his office." F';. & G. H. Textile 
:'.Ianufactul'ers. Slide Rule Closed 

Send for yours now only S19.95 postpaid. 

Oliver Garfield Co., Int., Dept. SA127 A 
126 Lexington Avenue New York 16. N. Y. 
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MATHEMATICAL GAMES 
More about complex dominoes, plus 
the answers to last l1�onth 's puzzles 

b�' '\1al'tin Gardner 

I
n the veal since this department was 
inaugurated, it has received more 
letters about one mathematical rec

reation than any other. This recreation 
is the "pentomino" problem, discussed 
here in May. Where a domino is made up 
of two adjoining squares, a pentomino 
consists of five squares. There are ex
actly 12 

-
kinds of pentomino. These can 

be combined in many ways with a square 
tetromino ( four squares in square for
mation ) to form a checkerboard with 
eight squares on each side. Readers were 
challenged to construct such a checker
board with: (1) the square tetromino 
exactly in the center, ( 2 )  the square 
tetromino in one corner. 

Hundreds of correspondents sent in 
widely varying solutions. Many testified 
to the problem's strange fascination and 
to the pleasure they experienced when 
they finally solved it, often after several 
hours of intense concentration. One 
reader boasted of having acquired great 
skill in fitting together the pieces by 
becoming intimately acquainted with 
the "personality" of each. Others com
plained that they had been driven al
most crazy by the stubborn refusal of 
the pentominoes to adjust to desired 
contours. 

Several readers called attention to an 
obscure British publication, The Fairy 
Chess Review, in which dozens of un
usual pentomino problems have been 
published during the past 20 years. 
( Fairy chess is chess that deviates from 
the standard game by using different 
rules, boards or pieces. ) Solomon W.  
Golomb, senior research mathematician 
in the Jet Propulsion Laboratory of the 
California Institute of Technology, per
mitted us to read an unpublished paper 
on pentominoes. This paper brings up 
to date his article "Checker Boards and 
Polyominoes," published in a'mathemat
ical journal in 1954, when Golomb was 
a 22-year-old graduate student at Har
vard University. The following material 
summarizes some highlights of Golomb's 

later paper, plus parallel but independ
ent developments recorded in The Fairy 
Chess Review. 

It was Henry Dudeney, the British 
puzzlist, who first proposed the pen
tomino checkerboard problem. It ap
peared in his book The Cal1fe1'bury Puz
zles, published in 1908. Dudeney's sin
gle solution had the square tetromino 
at the side of the board. One is led to 
ask: Can the problem be solved with 
the square .in any position on the board? 
T.  R .  Dawson, founder of The Fairy 
Chess Review, was the first to devise a 
delightfully simple way of demonstrat
ing that the answer is yes. In his three
part solution, depicted in the illustration 
at left on page 128, the square tetromino 
( 2  X 2) is combined with an L-shaped 
pentomino to make a larger square 
( 3  X 3 ) . By rotating the large squafe, 
the 2 X 2 square can be brought to 
four different positions in each of the 
three configurations. Since the entire 
checkerboard can be both rotated and 
reflected,. it is easy to see that the small 
square can be placed at any desired spot 
on the board. 

If the 2 X 2 square is discarded and 
four disconnected squares left blank, 
the problem can still be solved in a 
variety of artistic ways, a few of which 
are shown in the illustration at right on 
page 128. It is also possible to fit the 1 .2 
pentominoes to form rectangles that are 
6 X 10, 5 X 12, 4 X 15 and 3 X 20. 
The first three are shown on page 129 .  
The 3 X 20 rectangle, by  all odds the 
most difficult, is left for the interested 
reader to construct. The solution will be 
given in this department next month. 

Raphael M. Robinson, professor of 
mathematics at the University of Cali
fornia, recently proposed what he calls 
"the triplication pwblem." You select 
one pentomino, then use nine of the re
maining ones to form a large scale-model 
of the chosen piece. The model will be 
three times higher and wider than the 
small one. Joseph B. Tucker, rector of 
Trinity Episcopal Church in Clarksville, 
Tenn., independently hit on the triplica
tion problem after reading this depart
ment's discussion of pentominoes . He 
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Los Alamos • • •  

a challenging place to work 
a stimulating place to live 

= 
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.+ .1- -u. 

At los Alamos, creative people are finding that in

tangible "extra" that makes their work more satisfying 

and gives their lives a lift. 

This extra is found in the splendidly equipped labora
tories ... in the friendly support of some of the notion's 

finest scientific minds ... in the challenge of doing 

vitally important work with the sources and uses of 

nuclear energy. 

You'll find it, too, in the spectacular scenic setting high 

in the green, pine-covered mountains of Northern New 

Mexico ... in the bright, clean community of 13,000 
people ... in the up-to-date shopping centers, the un-

crowded schools, the many churches. It's in the healthful 

climate, the cool summers and the mild winters. For 

scientific research and en joyable living, los Alamos 
has no equal. 

If you are a graduate scientist or engineer, seeking 

that intangible extra, your inquiry about employment 
will be answered promptly. 

10 

! \ 

Write: 

Director of Personnel 

los Alamos Scientific laboratory 

Division 2412 

Los Alamos, New Mexico 

lames 
OF��Ei���H��F }A��?N�Aatory 

LOS ALAMOS, NEW MEXICO 

LOS ALAMOS SCIENTIFIC LABORATORY IS A NON CIVIL SERVICE OPERATION OF THE UNIVERSITY OF CALIFORNIA FOR THE U. S. ATOMIC ENERGY COMMISSION 
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sent in many excellent solutions, includ
ing the two shown in the top illustration 
on page 130. 

What is the minimum number of pen
tominoes that can be placed on a check
erboard in such a way that it is impos
sible to place any of the remaining pen
tominoes on the board? This intriguing 
question is asked by Golomb, and he says 
the answer is five. The bottom illustra
tion on page 130 shows one such con
figuration. This problem suggested to 
Golomb a fascinating competitive game 
that can be played on a checkerboard 
with large cardboard pentominoes cut to 
fit accurately over the board's squares . 
(The reader is invited to make such a 
set, not only to enjoy the game, but also 

T. R. Dawson's pentomino SolLllion 

128 

to solve pentomino problems and create 
new ones.) 

Two or more players take turns in 
choosing a single pentomino and placing 
it wherever they wish on the board. The 
pieces have no "top" or ''bottom'' faces. 
As in all problems mentioned in this 
article, asymmetrical pieces may be used 
with either side up. The first player who 
is unable to place a piece is the loser. 

Golomb writes: "The game will last 
at least five and at most 12 moves, can 
never result in a draw, has more possible 
openings than chess, and will intrigue 
players of all ages . It is difficult to ad
vise what strategy should be followed, 
but there are two valuable principles : 

"l. Try to move in such a way that 

Solutions with jour blank squares 

there will be room for an even number 
of pieces. (This assumes only two are 
playing. ) 

"2. If you cannot analyze the situa
tion, do something to complicate the 
position, so that the next player will 
have even more difficulty analyzing it 
than you did." 

Hexorninoes, groups of six adjoined 
squares, have exactly 35 distinct vari
eties . There are 109 different heptomi
noes ( seven-square pieces ) .  Golomb 
says that no one has yet been able to 
obtain a formula for the exact number 
of ll-ominoes as a function of n. 

Since the 35 hexominoes have a total 
area of 210 squares, one thinks immedi
ately of arranging them to form a lec

tangle which could be 3 X 10, 5 X -1:(" 
6 X 35, 1 X 30, 10 X 21 or 14 X IS. 
I seriously considered offering $1,000 
to the first reader who succeeded in 
constructing one of these six rectangles, 
but the appalling thought of I,oms that 
might be wasted on the challenge forced 
me to relent. All such efforts are dOOHlf'd 
to failure. Golomb's proof of this is a 

striking example of the use of two puw
erful tools of combinatorial geometry. 
This is a little known branch of mathe
matics, though it has many practical 
applications to engineering design prob
lems involving standard components 
that must be fitted together in the most 
efficient manner. The tools are: ( 1 ) the 
use of contrasting colors to aid one's 
mathematical intuition, and (2 ) the 
principle of "parity check" based on the 
combinatorial properties of odd and 
even numbers. 

We begin the proof by coloring our 

desired rectangles with, alternating black 
and white squares like a checkerboard. 
In each case the rectangle clearly must 
contain 105 black squares and 10::; 
white-an odd number for each. 

Turning our attention to the 35 hex
ominoes, we discover that 24 of them 
will always cover three black squares 
and three white-an odd number for 
each. There is an even number of these 
"odd hexominoes," and since even times 
odd is even, we know that all 24 of 
them will cover an even number of 
squares of each color. 

The remaining 1 1  hexominoes are of 
such a shape that each must cover four 
squares of one, color and two of the 
other-an even number for each. There 
is an odd number of these "even hex
ominoes," but again, since even times 
odd is even, we know that these l' 
pieces also will cover an even number 
of squares of each color. (The illustra
tions on pages 132 and 134 divide the 
35 hexominoes into even and odd 
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Four rectangles can be made with I.he 12 pentominoes. The 3 X 20 rectangle is left blank 

groups.) Finally, since even plus even is 
even, we conclude that the 35 hexomi
noes together will cover an even number 
of black squares and an even number of 
white squares. Unfortunately each rec
tangle contains 105 squares of each 
color. This is an odd number. No rec
tangle, therefore, can be covered by the 
35 hexominoes. 

"There is a lesson in plausible rea
soning to be learned from these prob
lems," Golomb concludes. "Given cer
tain basic data, we labor long and hard 
to fit them into a pattern. Having suc
ceeded, we believe the pattern to be the 
only one that 'fits the facts'; indeed, that 
the data are merely manifestations of 
the beautiful, comprehensive whole. 
Such reasoning has been used repeated
ly in religion, in politics, even in science. 
The pentominoes illustrate that many 
different patterns may be possible from 
the same 'data,' all equally valid, and 

the nature of the pattern we end up 
with is determined more by the shape 
we are looking for than by the data at 
hand. It is also possible that for certain 
data [as in the hexomino problem ex
plained above], no pattern of the type 
we are conditioned to seek may exist." 

The answers to the nine "brain teas
ers" in this department for last month 

are given without further ado: 

1. 
The six cigarettes are placed as 

shown at left at the top of page 136, each 
touching the other five. 

2. 
When the ferryboats meet for the 

first time [top of illustmtion at bottom 

The might 
of 

VOODOO 
was proved 

with Statham 
Transducers 

WHEN THE NEED 
IS TO KNOW ••. FOR SURE 

SPECIFY STATHAM 

Accelerometers· Load Cells 
Pressure Transducers 

Catalog, complete with prices, 
available upon request. 

LOS ANGELES 64. C .... LIFORNIA 
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CHIEF OF 
ELECTR 
DESIGN 
To manage electl'�Cs design for missiles 
and manned 3lir�aft in Chance Vought's 
expanding /El e ctronics Department of 
o�er 50..9dP�rson!l�1 . Candidate for �his 
hlgh-ecnelon POSItIon must be a creatIve, 
imaginati(e leader with a Doctor's degree 
in /��rneering preferred, but at least an 

d :r:
_
�n Engineering backed up by lO to 

years of engineering experience. 

esponsibilities will cover design activities 
in the fields of radar, radiation, servo
mechanisms, fire control, communications, 
support equipment, all types of guidance, 
reliability and product design. 

Salary open. To inquire and negotiate in 
strict confidence, write direct to: 

R. C. Blaylock, Vice-President, 
Engineering, Dept. 5000-4 

C�!,-I.R.C.R.A.FT 
P. O. Box 5907 Dallas, Texas 

Can you think faster 
than this Machine? 

If you use a gun to flame spray 

zirconia on metal, plastic or an

other ceramic, it will pay you to 

investigate Leco zirconia feed 

rod. You'll find it of surprisingly 

superior quality at a very agree

able price. Both 1/8/1 and 3/16/1 

diameter rod for immediate de

livery at only $21.00 per pound. 

Be caI'cfuI before you answer. GENIAC® the first elec
tricnl brain construction kit is equipped to play tic-tac
toe, cipher and encipher codes, convert from binary to 
decimal, reason (in syllogisms) as well as add, sub
tract, multiplv and divide_ Specific pl'oblems in a 
variet�' of fields-actuarial, policy claim settlement, 
physics, etc.-can be set up and soh'ed with the com
ponents, Connections are solderless and are completely 
explained with templates in the manual. This covel's 33 
circuits and shows how new ones can be designed. 

You will find building ami using GENIACS a wonder
ful experience: on€' kit user wrote us: ';this kit has 
opened up a new wOl'ld of thinking to me," You actu-�\� s(fiC��;�.��lP�\t��

g
' er:,)

bl
�a� ��

vi
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Boolean Algebra and the algebraic solutions trans
formed directly into circuit diagrams. You create fl'om 
over 400 specially designed and manufactured COIllponents a machine that solves problems faster than you 
can express theln. 

Schools and colleges, teachcrs of scieJ;lce or mnth, 
engineering, philosophy or psychology will find these 
g�?fc

llr�iig,
e�h

o
e���a�?r�U

o�b
c�;.i�li��b�I����i�

i
s�n�n

i�l �i.��: 
Inatlon. 
SEND for your GENIAC® kit now, Onlv $19.95 with 
over four hundred components and pal'ts. 7 fully illus
trated manuals and wiring diagl'ams. \Ve guarantee that 
if you do not want to keep GENIAC® after two weeks 
you can return it for full refund plus shipping costs. 

Write for complete 

technical data bro

chure of Leco feed 

rod, crUCibles, tubes 

and other shapes. 

LABORATORY EQUIPMENT CORP. 
4012 Hil ltop Road, St. Jose ph, Michig a n  
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_______ MAIL THIS COUPON. _____ _ 

SCIENCE KITS, Department SA127B 
Oliver Gorfie1d Company 
126 Lexington Avenue. New York 16. N. Y. 
I'lease send me: 

1 GEKIAC® Electric Brain Construction Kit and 
)ianual. 

$19.95 (East of Mississippi) 
$20.95 (Elsewhere in United States) 
$21.95 (Outside the United States) 

Returnable in two weeks for full refund if not satisfied. 
1 enclose $ .................... in full J)ayment. 

My name and address arc attached. 

of page 136], the combined distance 
traveled by the boats is equal to the 
width of the river. When they reach the 
opposite shore, the combined distance 
is twice the width of the river; and 
when they meet the second time [bot
tom of illustration], the total distance 
is three times the river's width. Since 
the boats have been moving at a con
stant speed for the same period of time, 

No other pentominoes can be added here 
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END SEAL AREA OF TRANSATLANTIC CABLE REPEATER 

Radioisotopes used in unique test 
of repeaters for transatlantic 
telephone cables 

Flexible repeaters (voice amplifiers) for the new trans
oceanic telephone cables are expected to withstand 
ocean-bottom pressures of up to 6,000 psi for many 
years without developing leaks. At Western Electric's 
specially designed shop in Hillside, N. J., where the 
36-channel carrier repeaters are made, engineers liter
ally build perfection into the product, then enclose 
it in steel rings and a tube-like copper sheath. Before 
the completed repeaters are spliced to connecting cable 
links, they have to be sealed positively against the entry 
of sea water. This involves a series of welding and braz
ing operations. ' 

But after the final point of welding and brazing, when 
there is no longer any means of access to the interior of 
the repeater unit, how could the engineers really be sure 
that the repeater would not leak under pressure at 2,300 
fathoms? 

The answer to this question is embodied in one of 
the most unusual of the many new and intricate testing 
procedures developed around the manufacture of the 
precision repeaters. It utilizes a solution of radioisotope 
"cesium 134." Here is how the test is conducted: 

After the last of the series of welding and brazing 
closure opera,tions, the ends of the copper repeater 
housing are filled with a solution of the isotope which is 
held against the seal by means of a temporary test plug 
fixture. The repeater is then placed in a test cylinder 
and hydraulic pressure of 7,500 psi is applied and 
transmitted to the isotopic solution. After 60 hours 
under this pressure, the radioactive solution is drained 
off, the repeater is washed and finally examined by 
means of a Geiger counter. If the Geiger count reveals 
that any of the isotope penetrated the end seal area, the 
repeater is rejected. 

Geiger Counter is used to determine that no radioisotopes 
have penetrated into the interior of the repeater unit. 

In practice, of course, the test is far more involved. 
For example, the washing of the seal calls for 60 dif
ferent operations, each precisely timed. Also, to make 
certain that the production people know exactly what 
to do and when to do it, instructions recorded on mag
netic tape by a Western Electric engineer are played 
back to operators over a loud speaker. 

The perfection of this unusual testing technique is 
another example of the wide-ranging engineering activ
ity at Western Electric ... where engineers constantly 
search out and adapt the latest advances of science. It 
is an example, as well, of the exacting standards that 
govern the manufacture of Bell telephone equipment
an important factor in the dependability of the tele
phone service provided by Bell System ,operating tele
phone companies. 

MANUFACTURING AND SUPPLY � UNIT OF THE BEll SYSTEM 
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from $ 170 

Schaffhausen Switzerland 

Ask for special brochure 
International Watch Co 
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it follows that each boat has gone three 
times as far as when they first met and 
have traveled a combined distance of 
one river-width. Since the white boat 
had traveled 720 yards when the first 
meeting occurred, its total distance at 
the time of the second meeting must 
be 3 X 720, or 2,160, yards. The bot
tom illustration shows clearly that this 
distance is 400 yards more than the riv
er's width, so we subtract 400 from 

2,160 to obtain 1,760 yards, or one 
mile, as the width of the river. The time 
the boats remained at their landings 
does not enter into the problem. 

3. 
Line AC is one diagonal of the rec

tangle [illustration at right at top of 
page 136]. The other diagonal is clearly 
the 10-unit radius of the circle .  Since the 

The 24 "odd" hexominoes 
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At lastl A large-capacity electronic computer you 

use rig ht at your deskl ROYAL PRECISION LGP·30 

High-speed computation at the lowest cost 
ever for a complete computer system 
No more waiting in line for those answers you need! 
No more lost time in executing preliminary calculations 
or modifying equations! Not with the LGP-30! Wheeled 
right to your desk, operated from a regular wall outlet, 
LGP-30 allows you to follow your work personally from 
beginning to end ... to change formulae on the spot ... 
to simulate optimum designs without weeks of mathe
matical analysis. Thus you get faster answers ... added 
time for creative work. 

Easy to use. LGP-30 is a general-purpose stored
program computer - internally binary, serial, single 
address. Just the few orders in the command structure 
give complete internal programming. Controls are so 
simplified, you get an "overnight" feel for your computer. 

Unusual memory capacity. With a magnetic drum 
memory of 4096 words, LGP-30 is the most powerful 
computer of its size yet developed. Fully automatic, it 
executes self-modifying programs. 

Exceptional versatility and value. Both the scope of 
LGP-30's applications and the range of calculations it 

can perform are almost limitless. It gives speed and 
memory equal to computers many times its size and 
cost, yet initial investment is the smallest ever for a 
complete computer. Maintenance costs are extremely 
low . . .  service facilities available coast-to-coast. 

.----Outstanding features of LGP-30---� 
• Alpha-numeric input-output via electric typewriter or 

punched paper tape . •  Optional input-output equipment 

available . •  Unusually large memory - 4096 words . •  

Library of sub-routines ... programs for wide variety 

of applications.· Mobile ... no expensive installation 

... self-cooled . •  Nation-wide sales and service. 

For further information and specifications, write Royal 
McBee Corporation, Data Processing Equipment Divi
sion, Port Chester, N. Y. 

ROYAL MCBEE 
WORLD'S LAR GEST MANUFACTURER OF TYPEWRITERS 

AND MAKE R OF DATA PROCESSING EOUIPM=:NT 
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The 11 "even" hexominoes 

diagonals are equal, line AC is 10 units 
long . 

4. 
On the top floor the electrician shorted 

Rve pairs of wires ( the shorted pairs are 
connected by broken lines in the illus
tration at the top of page 138 ) , leaving 
one free wire. Then he walked to the 
basement and identiRed the lower ends 
of the shorted pairs by means of his 
"continuity tester." He labeled the ends 
as shown, then shorted them in the man
ner indicated by the dotted lines. 

Back on the top floor, he removed all 
the shorts but left the wires twisted at 
insulated portions so that the pairs were 
still identiRable. He then checked for 
continuity between the free wire (which 
he knew to be the upper end of F) and 
some other wire. When he found the 
other wire, he was able at once to label 
it E2 and to identify its mate as El. He 
next tested for continuity between El 
and another end which, when found, 
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step into TOMORROW 
... the fabulous world which electronic computers are helping shape today! 

HELP YOURSELF to a dream ... of 
material wealth that staggers 

the imagination-atomic power for 
transportation . . . interplanetary 
space travel ... electronic miracles 
to take the drudgery from daily liv
ing ... a world of super abundance. 

Actually it's all possible. Plan
ning, development, experimentation 
... speeded-up through use of elec
tronic "brains" ... are already mak
ing our dreams of tomorrow a reality. 

Toward this end, the U. S. Gov-

ernment, Armed Services, Industry 
and Science are joining forces for 
research and development. Only 
through the use of modern, large
scale data processing systems can 
the complex calculations involved 
in nuclear development, space ex
ploration, research, and electronics 
be solved with speed and accuracy. 

Fulfilling the need for faster, more 
reliable and compact large-scale data 
processing systems, Philco is proud 
to present TRANSAC S-2000. 

The world's first oil-transistor, lorge-scale 
data processing system. 

."TlANSAC"-Trodemorl: of Pltiko corpOration lor 
1rofts;tfor Av'omcrtic Computer. 

At Phi!co, career opportunities are tmlimited ill computer research, engineering and applications. Look ahead ... and yot/'!! choose Phi!co. 

PH I LCO® GOVERNMENT AND INDUSTRIAL DIVISION 
PHILADELPHIA 44, PENNSYLVANIA 
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Complex 
optical system 

or Simple 
condense. assembly 

t�f e,FlC OPTICAL do,;,", .. d "O� 

duces precision glass and plastic elements 

or lenses in every known curvature and 

shape-up to 26" in diameter. 

We have the largest independent facilities 

in the West-research, development, test

ing, prototype and quantity production. 

Let our staff of engineers and technicians 

work with you. 

Send for new brochure. 
PACIFIC OPTICAL CORP. 
120 Glasgow Ave .. Inglewood I, Calif. 

BRAINIAC 
a new and better 

ELECTRIC BRAIN CONSTRUCTION KIT 
Makes 106 computing, reasoning, arithmetical, logical, 
puzzle-solving and game-playing machines . . .  all 33 
GENIACS, 13 TYNIACS and 60 All New BRAINIACS@ 

• Scientific 
• Fun 
• Instructive 
• Safe 
with reusable 
solderless parts 
and 
complete plans 
TH IS IS BRA INIAC! With our Brainiac Kit (K 15). YOU 
OIl! build over 100 small electric brain machines and tOYS 
whif'h "think", (,'OlllpUle, reason and display intelligent be
hariol', Each olle works on It single flashlight battery . . .  
is F{:.:\' to make, FrX to use and play with. and TEACHES 
;\'Oll something new about electrical computing and l'cason
ing eircuils. Originated and produced exdush'cly by Berke
ley Enterprises. Erainiac is the result of 7 :\,cars' dc\·elop· 
ment work with miniature mechanical brains, including 
Gcniae, Tyniae, Tit·Tat-Toe ),Jaehinc I)ietured in LIFE 
::\fagazine. Simon. SCluee. etc. 

WHAT CAN YOU MAKE WITH B
R

AIN lAC KIT K 157 106 
smnll lnnchines including-Logic Macl!i1ws: I.ogical Tl'ltth 
Calculatol', Syllogism Prover. Intelligence Test, lioolcan 
Algebra Circuits . . . Gamc-Pfayhlg Machines: Tit-Tat·Toe, 
Nim. Black Match, 'Vheeled Randit. etc . . . .  Compnters: 
'1'0 add, subtl'act, multiply 01' divide, using decinwl or 
binary numbers; Forty·Year Calendar. etc . . . . Crypto
graphic Machines: Coders. Dccorlel·s. Combination Lock with 
15,000,000 combinations. etc. , . , Pnzzlc-Solvl1lY Ma
chines: The Missionaries and the Cannibals. Age Guessing 
Machine. Submarine Hescue Chamber, Daisy Petal Machine. 
Fox-Hen-Corn & Hired Man. and dozcn� of others . . .  Qttiz 
Ml/Chines: History, geography, gl'ammal', ll·igonometry. 

��t�Jc�gl��s
_ �: in�a1°

b
U
Y R E� RC� 

I �!�k��e�.
o�rli��

'lllh�?:crl�l� 
bl'ain machines. _ OVCI' 120 circuit diagl'ams Including 46 
pxact wil'ing templates. _ IntrOduction to Boolean AIgebJ'll 
for designing circuits. _ E,'ery part needed to build Geni
acs. 'l'yniacs, Brainiacs-Over 400 pieces including control 
panel, multiple switch discs, jumpel·s. improved wipel's, 
bulbs, sockets, washers, wire, battel'y, special tools-evel'Y' 
thing nccded .................................................. Price: $17.95. 
(For shipment West of Mississippi, add 80�, outside U.S., 
add $1.80.) 

7·DAY FULL REFUND GUARANTEE IF NOT SATISFACTORY 
NOTE: 1f you already have a Geniac Kit, you can convert 
il.. to a Brainiac Kit fol' only $4.9�, by ordering 1( 16. 

r-----MAIL THIS COUPON-----l 

I :��k�eish��t�ci:i���: �"e�·to��mie RJJ,4 Mass. I 
I 1) 0 Please send me BJ'ainiac Kit 1( 15. (Retu!'llahlc I 
I ��� ����li{?��/�l1 l'{'fund if not satisfactory-if in I 
I 2) �a

l

m�a�::fl�n�e�����i1;�;s ;. I
' 

e������ ���l(1 me K \� I 
I full payment. 1\1�' name and a(Wn.'ss arc attached. I 
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Answers to Puzzle 1 (left) and Puzzle 3 (right) in last month's department 

could be marked D2 and its mate D l. 
Continuing in this fashion, the remain
ing ends were easily identified. The pro
cedure obviously works for any odd 
number of wires. 

5. 
A continuous line that enters and 

leaves one of the rectangular spaces 
must of necessity cross two line seg
ments. Since the spaces labeled A, B 
and C in the illustration at the bottom 
of page 138 are each surrounded by an 
odd number of segments, it follows that 
an end of a line must be inside each if 
all segments of the network are crossed. 
But a continuous line has only two ends, 
so the puzzle is insoluble on a plane 
surface. This same reasoning applies if 
the network is on a sphere or on the side 
of a torus [drawing at lower left in illus
tration]. However, the network can be 
drawn on the torus [drawing at lower 

Z�-------------------(o 

��-------720------�� 

right] so that the hole of the torus is 
inside one of the three spaces A, B and 
C. When this is done, the puzzle is 
easily solved. 

6. 
Twelve matches can be used to form 

a right triangle with sides of three, four 
and five units, as shown at left in the 
illustration at the top of page 140. This 
triangle will have an area of six square 
units . By altering the position of three 
matches as shown at right in the illus
tration, we 'remove two square units, 
leaving a polygon with an area of four. 

7. 
Without resorting to calculus, the 

problem can be solved as follows. Let 
R be the radius of the sphere. As the 
illustration at the bottom of page 140 
indicates, the radius of the cylindrical 

o )-------'" 

400 

A nswer to Puzzle 2 

© 1957 SCIENTIFIC AMERICAN, INC



Your business is in the Age of Electronics 

Your engineers 

a man 
� 

can do so much -or can he! 

Aren't your 

modern, highly trained 

engineers happier and more 

productive when they have fast, mod-

ern engineering tools to work with? Is your 

Company profiting from the use of electronic 

instruments-time-saving, supremely accurate 

new engineering aids? Hewlett-Packard electronic 

instruments save engineering time. 300 different 

-hp- instruments make countless measurements 

more swiftly and precisely than possible any other 

way. Your present engineering group can do much 

more creative work if not shackled by routine meas-

urement made in tedious obsolete ways. Over 

130 Hewlett-Packard field engineers are today 

helping company after company eliminate 

time-wasting measuring methods. A letter 

from you will assure an -hp- engineer 

in touch with your engineers 

- instantly. 

� world leader 
� 

electronic measuring instruments 

Frequency, qLlantitfes, power, speed, 

velocity,temperature, pressure, RPM, 

RPS, ratios --hp- instruments meas
ure almost anyth·ing that can be 
transduced to electrical impulses. 

Alongside is -hp- 500C Electronic 
Tachometer Indicator, for measuring 

RPM from 15 to 6,000,000 RPM. 
$285. Make sure your next instrument 
requisition specifies -hp- equipment, 

HEWLETT·PACKARD COMPANY 
PALO ALTO, CALIFORNIA 

Field appfication engineers throughout the world 
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New York State 
waler meets eve ry 

i nd ustria l need 
Qua ntity: Water is available through

out the State in great abundance 

• . . from surface waterways, 

ground water sources and munic

ipal water supplies. 

Quality: Plentiful water with the 

right chemical and other charac

teristics is available for any in

dustrial operation 

* 
Before you decide on a new plant 

site, what water data do you need? 

• Mineral and organic content? 

• Total hardness and pH? 

• Rate of flow and temperature 

range? 

• Complete chemical analyses at 

selected sites? 

The New York State Department of 

Commerce has this information im

mediately available, and stands ready 

with a professional, long-experienced 

staff to give you a tailor-made survey 

of the industrial water supply in any 

New York State community. Or

given your water needs-tell you the 

best State locations to meet those 

needs. 

* 
But water is only one of your fac

tors. What about 

· . .  markets and transportation 

• . .  labor . . .  components and raw 

materials . . .  sites and buildings 

• . .  power . . .  fuel . . .  financing? 

Let us answer your questions. Write 

for "Industrial Location Services," a 

free booklet that tells what we can do 

for you. Send your request to me at 

Room 672, 112 State Street, Albany 7. 
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EDWARD T. DICKINSON 

Commissioner of Commerce 

TOP F L O O R  

BASE MENT 

Answer to Puzzle 4 

hole will then be the square root of 
R2-9,  and the altitude of the spherical 
caps at each end of the cylinder will be 
R-3 .  To determine the residue after the 
cylinder and caps have been removed, 
we add the volume of the cylinder, 
67r ( R2 -9 ) ,  to twice the volume of one 
spherical cap, and subtract the total 
from the volume of the sphere, 4/37rR3 . 
The volume of the cap is obtained by 
the following formula, in which A stands 
for its altitude and j. for its radius : 
1/67rA ( 3r2 + A2 ) .  

When this computation is made, all 
terms obligingly cancel out except 367r 
-the volume of the residue in cubic 
inches .  In other words, the residue is 
constant regardless of the hole's diam
eter or the size of the sphere! This resi-

due is equal to the volume of a sphere 
with a diameter of six inches. This is 
to be expected, since such a sphere m ay 
be considered the residue left by a hole 
with a zero-inch radius . 

8 .  
At any given instant the four bugs 

form the corners of a square which 
shrinks and rotates as the bugs move 
closer together. The path of each pur
suer will therefore at all times be per
pendicular to the path of the pursued . 
This tells us that as A, for example, 
approaches B,  there is no component in 
B's motion which carries B toward or 
away from A. Consequently A will cap
ture B in the same time that it would 

Answer to Puzzle 5 
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NE W L O W- COS T COMPU TER WITH A D VANCED COMPUTING 

The only desk-side electronic computer with direct programming 

and automatic positioning of decimal point 

A few applications 
of the 610 

Auto-Point Computer 
Analysis of 

Mass Spectrometric Data 

Formulae Evaluations 

Calculation 
of Aeroelasticity 

Data Reduction 

Two exclusive features of the new IBM 610 Auto-Point 
Computer help make your engineering time more completely 
creative. First, direct programming: computation takes place 
as the program is being written, eliminating the need for 
separate program test runs. Second, automatic positioning of 
decimal point: the engineer is relieved of the burden of 
planning movement of the decimal point, greatly reducing 
problem-solution time. 

The new Auto-Point Computer also gives you, among other 
valuable features, Single-instruction square root, simultane
ous division and multiplication, and highly flexible tape 
units. The IBM 610 was deSigned with reliability as a prime 
consideration; built-in self-checking prOvides assurance of 
accuracy. In addition, this low-cost electronic desk-side com
puter does not require air conditioning. 

Discover today how the mobile IBM 610 can solve a wide 
range of scientific and engineering problems for your busi
ness. For details, simply call the local IBM representative. 

T I M E  EQUIPMENT • DATA PROCESS I N G  • ELECTRIC TYPEWRITERS • M I LITARY PRODUCTS I 
1 3 9 

© 1957 SCIENTIFIC AMERICAN, INC



" Will Santa Claus comethis year?" 
Little Klaus asks his  father this same 
question every night before bed. What 
can his father tell him ? For it was 
Klaus' m other who used to do the little 
things that made Christmas and Santa 
Claus a bright spot in Klaus' life, in 
spite of the family's bitter poverty. But 
last Spring, his mother died and it is 
all that Klaus' father can do to keep 
his family barely clothed and fed. 
What can his father tell him ? 

Klaus is j ust one . . .  one of the hun
dreds of little children in the free coun
tries of the world who will be lonely 
little waifs this Christmas. But you can 
bring the spirit of Christmas into the 
life of a child like Klaus. 

Make this your best Christmas 
ever by helping a child 

Christmas is a time for children, for a little 
Child is the reason for Christmas. Won't you 
open your heart ? A child sponsorship through 
Save the Children Federation costs just $10 
a month, but it means food, clothing, cash 
benefits and most important . . .  you will be 
giving a child the warmth of Christmas all 
year long, for you may correspond with "your" 
child and the family. 

SCF National Sponsors include : Mrs. 
Dwight D. Eisenhower, Herbert Hoover, 
Henry R.  Luce, Rabbi Edgar F. Magnin, 
Norman Rockwell, Dr. Ralph W. Sockman. 

FOU N D E D  1932 SA 1 2.' 

S A V E  T H E  C H I L D R E N  
F E D E RAT I ON 

345 Eosl 461h Slreel. New York 17. N. Y. 

Please send me my chi ld 's  name,  story, and picture. 
I want to sponsor a c h i l d  in G reece . . .  Korea . .  . 
Fin l a n d  . . .  West Germany . . .  I ta l y  . .  . 
France • . .  A ustria . . .  or where the need i s  
g reatest . . . .  Enc l osed i s  $120 for 1 year  . . .  $30  
for  the fi rst q u a rter . . . $ 1 0  for the fi rst month  . . .  

I can not be a sponsor but e n c l osed is  my g ift 
of $ . . .  

N a m e . 

Add ress . 

Cily . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Slol • . . .  

CONTR I BU T I O N S  A R E  DEDUCT I BLE  FROM I NCOME TAX 
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Answer to Puzzle 6 

take if B had remained stationary. The 
length of each spiral path will be the 
same as the side of the square : 10 inches. 

9 .  
When Jones began to work on the 

professor's problem he knew that each 
of the four families had a different num
ber of children, and that the total num
ber was less than 18. He further knew 
that the product of the four numbers 
gave the professor's house number. 
Therefore his obvious Hrst step was to 
factor the house number into four dif
ferent numbers which together would 
total less than 18. If there had been only 
one way to do this, he would have im
mediately solved the problem . Since he 
could not solve it without further infor
mation, we conclude that there must 

have been more than one way of factor
ing the house number. 

Our next step is to write down all 
possible combinations of four different 
numbers which total less than 18, and 
obtain the products of each group. We 
Hnd that there are many cases where 
more than one combination gives the 
same product. How do we decide which 
product is the house number? 

The clue lies in the fact that Jones 
asked if there were more than one child 
in the smallest family. This question is 
meaningful only if the house number is 
1 20, which can be factored as 1 X 3 X 
5 X � l X 4 X 5 X � m 2 X 3 X 4 X  
5.  Had Smith answered "No," the prob
lem would remain unsolved. Since Jones 
did solve it, we know the answer was 
"Yes." The families therefore contained 
2, 3 ,  4 and 5 children . 

� R 
3 

6 

A nswer to Puzzle 7 
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F i b res in t h i s  p i l e  are 
"shorts" which are finding 
increasing use in industry. 

Many call asbestos the "magic 
mineral" because of its fire resist
ance. Not so many know that 
Johns-Manville Asbestos Fibre is 
widely used because it has so many 
other unique properties. To floor 
tile, it adds strength, durability 
and bulk. In making telephone 
shells and other plastic products, 
it speeds moulding and reduces its 
cost, minimizes product distortion 
and shrinkage. 

J-M Asbestos Fibre toughens 
auto underbody coatings, improves 
asphalt compounds, gypsum joint 
sealers ,  welding rod coatings,  
caulking compounds, paints, ad
hesives and other products. 

It can add strength and bulk . . •  

lengthen service life • • .  improve 

� - M  As b estos F i b re p rov i d e s 
u n i q u e  p ro pe rti e s  fo r m an y  p ro d u cts 

appearance • • .  broaden coverage 
. . . control viscosity . . .  decrease 
settling . . .  increase absorption. 
The "magic mineral" increases re
sistance to heat, abrasion, cracking 
and crazing. 

This mineral fibre is as smooth as 
silk . . .  finer than human hair . . .  
strong and flexible . . . tough 
enough to withstand aggressive 
mixing. In composition, asbestos 
fibre is a hydrate of magnesium sili
cate, with a pH of about 10 plus. 
Its reactance often improves its 
bonding action. 

Johns-Manville offers more than 
thirty grades of asbestos fibre, 
plus a wider range of textures than 
available elsewhere. Many are 
extremely low in cost. For bro-

chures and engineering help, write 
Asbestos Fibre Division, Canadian 
Johns-Manville, Box 1500, Asbes
tos, P. Q., Canada. 

The uniform quality of J-M Asbestos 
Fibre results from the single unified 
control made possible by processing it 
in the world's largest asbestos mill. 

!J� p R. O D u c; T S  J o h n s - Manvi l l e  AS B ESTOS F I B R E  
14 1 
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Avc:o 

Avco Today 

Avco 

m a kes th i n g s  

better 

for America 

Avco i s  a builder o f  quality products for 
the commercial economy and high

performance military systems for national 

defense. Gas turbine and reciprocating 

aircraft engines, electronics systems, farm 

implements, kitchen components and 

the Nose Cone for the Air Force Titan 

Intercontinental Ballistic M issiles 

are being produced by Avco today. 

There are many products that identify 

A vco. All of them display distinguishing 

characteristics of A vco workmanship . . .  

skill, dependability, resourcefulness. 

And A vco's first order of business is 

to make things better for America. 

T H I S  I S  AV eO 
A vco today is a diversified organization 

whose products include aircraft power 

plants and structures, electronics for 

defense and industry, and specialized 

home and farm equipment. 

Avco's  divisions and subsidiaries are : 

Lycoming-aviation, marine and industrial 

power plants . . .  Crosley-electronics 

systems and aircraft structures . . .  

Research and Advanced Development . . .  

American Kitchens . . .  New Idea and 

Ezee Flow-specialized farm equipment 

. . .  Crosley Broadcasting Corporation . . .  

Moffats Limited (Canada)-commercial 

gas and heating equipment. 

Avco Man ufactu r ing  Co rpo rat ion  
420 lexi n gton Ave n u e ,  New Yo rk, N .  Y.  
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

One summer day in 1920 Robert F. 
Stroud found a nest of fledgling 
sparrows which had fallen from a 

tree. One bird had suffered a broken leg; 
Stroud nursed it back to health, thus 
beginning a distinguished career in the 
study of bird pathology. In the following 
20 years he learned more about the dis
eases of birds than any amateur investi
gator before or since. His work attracted 
the interest of bird lovers and ornitholo
gists throughout the world. Suddenly, in 
1942, Stroud 's studies were terminated. 
Today, alone and in ill health, he sits in 
a room on Alcatraz Island. 

One friend has made a point of keep
ing in touch with Stroud. He is Thomas 
E. Gaddis of Los Angeles. "Robert 
Stroud," writes Gaddis, "resists classifi
cation. He can properly be called an 
amateur, because he has never accepted 
payment for his scientific work. But in 
Stroud 's world our standards and values 
scarcely exist. He is a prisoner. 

"His incarceration spa,ns the 20th cen
tury. In 1 909 he received a sentence of 
12 years for manslaughter (he had killed 
a man in a fight). When he entered jail, 
Theodore Roosevelt was President; Ad
m iral Peary had yet to reach the North 
Pole; plans for the ill-fated Titanic had 
not even been drawn. Since before the 
U. S. entered World War I, Stroud has 
been isolated from other prisoners. He 
has lived in solitary confinement longer 
than any other prisoner in the annals of 
the Federal prison system. 

"When Stroud first went to prison he 
was a 19-year-old youth in Alaska. He 
had a third-grade education. Today he 
is a tall, thin, bald man with intense 
blue eyes. He wears metal-rimmed 
glasses under an old green eyeshade held 
together with adhesive tape. He is ra
tional and articulate, though he has not 
broken bread with another human being 

The strange story of Robert Stroud, who 
studied birds while in solitary confinement 

since 1917. His meals are brought to him 
on a tray. 

"Once a week he is taken down the 
hall by two guards to have a shower 
bath. He never gets a breath of fresh air 
under the open sky; his only exercise is 
what he gets by pacing his room, which 
has a handsome view of San Francisco 
harbor. When no fog shrouds 'the Rock,'  
he can watch passing ships through his 
barred window. When the wind is  right, 
he can hear the sounds of city traffic. 
(He once wrote: 'I know as much about 
driving a car, or modern traffic regula
tions, as a Berkshire hog knows about 
the quantum theory. ') 

"From his rocky cage Stroud can also 
see the wheeling gulls and hunting peli
cans of the Pacific Coast. But they are far 
out of reach, and only serve to remind 
him of the past. For Stroud once lived 
in a world of birds. 

"In the spring of 1920 a gallows was 
made ready for Stroud in the yard of the 
Federal penitentiary in Leavenworth, 
Kan. He was scheduled to be hanged for 
killing a guard in an altercation before 
1 , 100 prisoners. After four years and 
three trials, Stroud had been sentenced 
to death. President Wilson commuted 
the sentence. Stroud was then placed in 
solitary confinement for life. 

"Such isolation usually turns an un
educated prisoner into a human vege
table. \\Then Stroud first entered prison, 
he could scarcely read or write. During 
the next 7 years, before he was sepa
rated from other prisoners, he had 
achieved remarkably high grades in cor
respondence courses. He had taken in
struction in mathematics, astronomy and 
structural engineering without prereq
uisite training. He had become an avid 
reader. In his isolation cell Stroud now 
taught himself to draw and paint, work
ing under a lone 25-watt bulb. Then 
came the incident in 1920 �vhich 
changed his life. 

"One day, while he was taking his al
lotted hour of exercise in a small yard 
of the prison, a violent storm came up. 
A branch was torn from a tree beyond 
the wall and blown into the yard. Under 
the branch Stroud found a broken nest 

and three drenched young sparrows. 
Gathering the fledglings into his hand
kerchief, he took them inside and 
warmed them in an improvised incuba
tor-his first piece of scientific apparatus. 
It consisted of a sock which was hung 
close to the 25-watt bulb. 

"Two of the birds were soon hopping 
about, but the third could use only one 
claw. Examination disclosed that it had 
suffered a broken leg. Stroud set the 
break and secured it with a splint made 
from a match and bit of thread. All four 
of the principals profited by the experi
ence. Although he was confined within 
a space measuring nine by twelve feet, 
Stroud had discovered a vast new realm. 

"His guards now permitted him to 
have a male and female canary. Working 
inside his own cage with a piece of glass 
and a razor blade, Stroud made a large 
birdcage out of wooden crates. He was 
allowed to keep the offspring of his 
birds; soon his isolated cell was a teem
ing aviary. 

"Stroud quickly discovered that keep
ing birds on the resources available to a 
prisoner in solitary confinement invited 
just about every problem in the book, 
and some that were not to be found in 
books. When his birds developed rick
ets, he learned about vitamins. Friendly 
guards gave him birdseed, bits of lettuce, 
bottles, chemicals and hospital pans. He 
obtained a book on birds, old texts on 
zoology and bacteriology, and govern
ment bulletins. He acquired a magnify
ing glass. He cultured microorganisms. 
When one of his birds died, he dissected 
it with his fingernails, studied its anato
my, and made orderly observations in a 
notebook. 

"During the early 1920s many of 
Stroud's birds died of avian septicemia, 
a highly contagious disease. Stroud got 
no help from his books; they stated that 
the disease was invariably fatal. After a 
long series of experiments, he discovered 
that the tolerance of sick birds for 
oxygen-liberating compounds was great
er than that of mammals. He also learned 
that chemicals of the citrocarbonate type 
would restore the alkaline balance lost 
in avian septicemia. By means of these 

143 

© 1957 SCIENTIFIC AMERICAN, INC



This Xmas, Give or Get 
a UNITRON Refractor! 

Orders shipped same day as received 

UNITRDN 2.4" Altazimuth with Eyepiece Turret 
COMPLETE with allazimuth mounting and slow mo
tion controls, tripod, viewfinder, choice of rotary eye
piece selector or prism system for terrestrial observa
tion and star diagonal, sunglass, cabinets, etc. 
2.4" Model: 3��he�ePi�ces .. f�'. . .. '.O.O.x..: .. �2.x..: . .. 5.0.X..:$1 25. 3" Model: 6

;;1�h4�ke"ie�eSforl�I�� .. I��X.: . . �6.�:$265. 4" Model: ;-;i�� .. ��'li�C�: 4or�55�:�.19X.:1.70.�.:$465. 1.6" Model: le��' wfthXsta�9�a::ni�r)O.�� .. . ����� . . . ��.s. $75. 
Higher mid lower power8 available lor all models. 

UNITRDN 4" Photo-Equatorial with Clock Drive 
COMPLETE with equatorial mounting, slow motion 
controls, metal pier, clock drive, 42mm viewfinder, 
2.4" guide telescope, astro-camera, rotary eyepiece 
selector, 9 eyepieces, sun apparatus, cabinets, etc. 

COMPLETE UNIL... .. ............. only . . . . . . $1 280 • 

As above but with wooden tripod 

OTHER UNITRON REFRACTORS 

2.4" EQUATORIAL with Accessories 
3" EQUATORIAL with Accessories 
4" EQUATORIAL with Accessories. 

...... $ 1 1 75. 

All i1lstrllments fully Ullarwnteefl. BlIipmenl expreS8 collect. 
Prices include stfmdani accessories. Send clleck or .11.0. or 

20% (leposit tt'ith balallce C.O.D. 
TIME PAYMENT PLAN AVAILABLEI 

Get UNITRON'S FREE CATALOG and 38 page 
OBSERVER'S GUIDE. This valuable introduction 
to astronomy is yours for the asking. 

Contents include-

• Observing the sun, 
moon, planets and 
wonders of the sky 

• Constellation map 

• Hints for observers 

• Amateur clubs 
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observations he developed a treatment 
for the disease. Avian septicemia is often 
accompanied by skin lesions; these he 
learned to treat by the external applica
tion of potassium permanganate. Stroud 
was soon working his way through the 
problem of 'secondary invaders' -other 
diseases which descend upon a bird 
weakened by the first illness. 

"Stroud was deeply affected by his 
long surveillance of dying birds. In a 
book which he published some years 
later he wrote : 'The lives of literally 
thousands of birds, the heartbreaks of 
hundreds of blasted hopes have gone 
into these pages . . .. For every truth I 
have blundered through a hundred er
rors. I have killed birds when it was al
most as hard as killing one's children . . . . 
I have dedicated my book to the propo
sition that fewer birds shall suffer be
cause their diseases are not understood: 

"Prison officials were impressed by 
Stroud's earnestness; he was granted 
privileges and allowed to have more 
visitors. As his knowledge increased, he 
began to share it with others by publish
ing articles in bird journals. He studied 
English composition. He wangled per
mission to use a battered typewriter, and 
taught himself the touch system .  His 
mail privileges were extended. His cor
respondence multiplied.  He gave free 
advice on how to care for sick birds and 
how to feed and breed healthy ones. 

"Stroud found that all bird infections 
of the hemorrhagic septicemia group 
could be controlled by the same methods 
that were known to be effective in avian 
diphtheria; he discovered and described 
a typhoid-like disease of canaries; he 
demonstrated that apoplectiform septi-

cemia, which sickens poultry, was also 
a disease of canaries, and that the source 
of infection lay in egg material; he sug
gested that psittacosis was a pox-virus 
infection in modified form; he isolated 
and identified the organisms associated 
with three forms of pox-virus disease, 
demonstrating that most of the fatalities 
due to the disease were the result of sec
ondary invasion. 

"He embarked upon a study of fowl 
paralysis that was to last for years, and 
he set up experiments proving that the 
disease is developed and transmitted by 
green-plant food. In these experiments 
he described his methods and invited 
others to verify his results. His articles 
were now appearing regularly in bird 
journals. 

"Inevitably Stroud thought of free
dom . He wanted to increase the scope 
of his experiments. He yearned for a 
microscope, and for more room. He 
knew he had turned President Wilson's 
clemency to good advantage. In the 
years since his life had been spared, his 
behavior had been exemplary. He wrote 
friends that he hoped he could start his 
life again outside prison. 

"Then, in 1 9 3 1 ,  Stroud was ordered 
to dispose of his birds within 60 days. 
This was the result of a regulation of 
the newly formed Federal Bureau of 
Prisons. Stroud appealed for outside 
help, enlisting the aid of a bird lovel' 
named Della Jones. The case received 
considerable publicity. Ultimately the 
Bureau of Prisons allowed Stroud to 
keep his birds. Moreover, he was pro
vided with an extra cell to house them. 
He was given new laboratory equip
ment, multiple electric outlets, dissect-

Strolld made a splint for the broken leg of a sparrow with a match and some thread 
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Helping to master the minuscule 

Now that the industrial microma
nipulator and the binocular micro
scope have been drafted from the 
laborator y - to help master the 
minuscule in industry -the ever
growing emphasis is on ultra
precision. 

Each day there are increased in
dustrial demands for tolerances so 
close that a reading microscope is 
needed to observe and check them. 
The success of many critical opera
tions depends upon extreme tool
ing accuracy. But, as allowed toler
ances grow vanishingly small, the 
cost of attaining specified precision 
tends to skyrocket. So too, as any 
modern precisionist can tell you, 
do the problems and frustrations! 

Tooling accuracy, of course, is 
founded on the flat plane, a true 
perpendicular to it, and a linear 
measurement standard. Now, an 
ingenious new instrument brings 
optics to the aid of industrial pre
cision at a point in tooling opera
tions where costly error can be 
forestalled-in initial positioning. 

Extraordinary precision •. . with optics 

A new device-called UNIsEc-from 
W. & L. E. Gurley, makes extraor
dinary precision in angle reading 
conveniently available. It thus 
helps cut the costs that soar when 
initial inaccuracy reproduces its 
errors in ensuing work. 

UNISEC consists of an Optical 
Coincidence Reading System and a 
Precision Glass Circle. The device 
actually reads the 6-inch circle to 
one second of arc-directly. It uses 
the principle of reading both sides 
of a circle at once to remove eccen
tric error. 

Precision through image coincidence 

The latest of a long Gurley family 
line of ultraprecision equipment, 
UNISEC will read the angular posi
tion of a rotatable shaft at rest with 
a degree of precision obtainable 
otherwise only with an optical 
reading theodolite. It can be at
tached to any stationary shaft 
where highly precise positioning is 
desired. Turning the sighting de
vice from base point to an object 
indicates the amount of angle be
tween. On a clinometer, for ex
ample, it measures deviations from 
the horizontal. 

Readings from the optically flat 
crown glass circle with its 2160 
graduations are viewed through a 
microscope eyepiece which swivels 
360 degrees to allow reading from 
any stance. The images of gradua
tions taken from opposite sides of 
the glass circle are made to coincide 
in the reading microscope. Move
ment of a deviating prism system 
makes this possible. Measuring the 
position of the deviating prism 
makes possible the highly accurate 
angular reading. 

Special eyepieces and units for 
screened projection at high magni
fication may be obtained. Special 
Coincidence Reading Systems, us
ing larger circles and housings, add 
versatility to this device. UNISEC is 
one of a host of products studied, 
developed and manufactured by 
Gurley for science and industry. It 
has been widely welcomed at a 
time when the amount of permis
sible variance from a standard has 
already become vanishingly small. 

Gurley's 113 years of experience 

During 113 years of experience in 
optics the Gurley group have de
veloped and made precision instru
ments ranging from surveying in
struments to modern hydrological, 
meteorological and other engineer
ing equipment; analog-digital con
verters; components produced by 
high precision photographic meth
ods; as well  as lenses, p risms, 
reticles and divided circles of the 
highest accuracy. (Also, though 
commonly thought of as surveyors' 
tools, Gurley transits and levels 
perform optical tooling in aircraft 
jig construction and solve many 
other difficult industrial aligning 
problems.) 

A bulletin illustrating the how 
and why of UNISEC is yours for the 
asking. 

W.& L.E. GURLEY 
INDUSTRIAL DIVISION 

TROY, NEW YORK 

W.& L.E. GURLEY. INDUSTRIAL DIVISION . TROY, NEW YORK 
Please send details on the new UNISEC Coincidence Reading System 
Name ____________________ ______________________________ _ 

Title __________________________________________________ _ 

Organization __________________________________________ _ 

Address, _______________________________________________ _ 

City ___________________________________ State, ___________ _ 
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SCHLIEREN and 
Shadowgraph Systems 

Completely mounted 

Schlieren Apparatus and 
Shadow graph Systems will 

be designed by us to fit 
your particular installation, 
and furnished installed, up 
to apertures of 40". Single 
pass systems using off-axis 
paraboloidal mirrors and 
related apparatus can be 
suggested for appropriate 
designs. 

Easily Solved on the 

BINARY CIRCULAR SLIDE RULE 
In Arithmetic, Algebra and Trigonometry. Any number 
of factors can be handled in long and difficult calcula
tions. The "e" scale of the BINARY rule is 25 inches 
long, with graduations 25% further apart than those 
of II 20-inch slide rule. The CI, A, K and Log scales 
afC diridcd as closely as a 20" straight rule. 'I'he Log
Log scale extends from 1.0015 to 1.000,000. Gives trig 
fUllctions from 0 to 90 degrees on back. with indicator 
!'eading. Engine di,lded scales in black. overlaid with 
yellow. on alternate scales on white coated aluminum. 
Permanently accurate. Dia. 8% inches. Price-$10.25 
in casco Approved at leading Univ. Used by largest 
firms In U.S. 

ATLAS SLIDE RULE-Prec:ision MADE 
The "Atlas" slIde rule solves problems In Multipliea· 
lion. Division and Proportion. Gives results with a 
maximum error of less than 1 in 35,000. Has two "C" 
scales. One is 25" long and the other is a spiral of 
25 coils. Equivalent to a straight rule 50 ft. long. 
Reads answers to 5 places. ACCUUATELY CEN
TEUED. Used in largest U.S. Laboratories. Chemists, 
Physicists and Engineers have found this rule in· 
valuable for its great accuracy. Dia. 8 ¥L", same con· 
slrllction as "Binary". ')'rlg functions from 0 to 90 
degrees on back. Price-$13.50 in case. 

MIDGET 
CIRCULAR SLIDE RULE 

�iI����� \� �i�,�I'fon�:ISp?ec?:io�' ��d�:lda��l�-ilcl�cad:�: tered, remains accurate. Trig functions on back. with i1H.licator. 3/4 million sold, Pl'ice-$4, in case. 4'" dia. 
Rmnc constl'uction as above rules (no yellow). "e" scale-12'" long, Descriptive literature-free. Satisfaction gunrnn· 
teed. S01d at leading Book Stores & Engineering E'll1lpnlent Stores. 

GILSON SLIDE RULE CO. 
Box 1237 SA. Stuart. Fla. 

Slide Rule Makers since 1915 
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He made cages for his birds out of old wooden boxes 

ing instruments and, most important of 
all, a pair of spectacles to correct his 
poor vision. He was promised a mi
croscope. He was assured of serious 
consideration for a parole in 1937. 

"Stroud's hopes were never fulfilled. 
Subsequently his freedom of corre
spondence was restricted. He was no 
longer allowed to correspond with his 
energetic friend Della Jones. In 1937 his 
application for parole was denied. 

"Stroud still had many friends. A 
prison official who had resigned ar
ranged to have Wesleyan University 
give him an old Spencer microscope. 

The gift was one of the high points of 
his life . In a letter of thanks to the U l'Ii
versity Stroud wrote: 'I once read a 
newspaper account of a man, blind since 
birth, whose sight had been suddenly 
restored. I wondered how this man must 
have felt as he gazed for the first time 
upon the world in which he lived, a 
mystery shrouded in darkness. I know 
now.' 

"Stroud focused his new eye on feath
ers, microorganisms, blood, gland and 
bone. His working knowledge of bac
teriology soon flowered into practical 
techniques for making smears and 
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Add COPPER 

... and your faucet lasts! 

Why does a famous manufacturer tell the plumb

ing industry: 

"Every bit of metal in a Kohler fitting, un

derneath the chromium plating, is Brass." 

It is because he has nothing to hide. 

He knows that substitute metals and alloys 

can be concealed under plating. But, as Kohler 
says: "Brass has no equal for serviceable and 

satisfactory plumbing fittings." 

That's why it is important that ... underneath 

the chromium ... fittings are Brass. 

Kohler can come right out and say they are. 

"Brass ", to quote Kohler, "is superior in wear

ing qualities. Brass has maximum resistance to 

corrosion. Brass is easiest and most economical 
to maintain." 

Those who offer the advantages of Copper 

and its alloys can count on the Copper Industry 
to make sure of an ample supply_ 

COPPER · BRASS · BRONZE 
in over 40 Standard Alloys! 

For more information on the essential role of Copper and Brass in Plumbing, write to Copper & Brass Research Ass'n., 420 lexington Ave., New York 17, N. Y. 
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Technic HG Gold provides all the 
attributes you have needed in hard 
bright gold. In particular, cyanide is 
less than 1/10 oz. per gallon ... cost 
is less than 10¢ per troy oz. over reg
ular 24 kt. gold. In addition -

TECHNIC HG GOLD QUALITIES: 
Bright smooth-grained deposits; super 
hardness (130-150 DPH); low stress, 
less porosity than usual bright gold; 
high karat (23+). 

TECHNIC HG GOLD ADVANTAGES: 
Wide operating range (60° to 95°F), 
no cooling or heating required; no 
organic brighteners; high efficiency 
(requires less gold to meet most 
specifications) . 

Only Technic HG Gold fills all your 
requirements. We invite you to apply 
any practical performance tests
prove to yourself that it meets every 
standard of what hard bright gold 
should be. 

Send for Brochure: TECHNIC HG GOLD 
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mounting specimens. He grew adept in 
the use of Gram stains. He made an in
tensive study of the blood of birds. He 
drew 26 illustrations of bird blood-cells, 
described their cytological detail and 
later published his drawings in a treatise. 

"One day Stroud was given some old 
slides of tissue sections that had been 
properly cut and mounted. He plunged 
into an excited study of histology. He 
tried again and again to make slides of 
his own, but was stumped by the diffi
culty of making tissue sections thin 
enough to see through. He resolved to 
build a microtome to cut the necessary 
slices. 

"After two years he succeeded. Writ
ing to a lifelong friend in 1939, Stroud 
described what is probably the most 
impressive 'do-it-yourself' feat ever 
achieved by a prisoner : 

" 'I type this letter,' he wrote, 'with 
sore fingers, but the microtome is fin
ished . For material I had a few pieces 
of hard wood, some glass, a piece of 
half-inch rod with threads on it, a tin 

can, scraps of sheet copper, black enamel 
and wood screws. I built a machine that 
cuts down to two microns . . . .  

" 'The big problem was to get smooth, 
uniform motion. 1 accomplished that by 
binding all moving and bearing surfaces 
with tin and copper and polishing them . 
The screw presses a thin copper wedge 
under a tin-covered block that is forced 
up between the glass guides upon which 
the razor blade, held in a plain oak 
block, slides and does the cutting. The 
tissue is embedded in wax and fastened 
to the top of the block that comes up 
between the glass surfaces. Since two 
microns are equal to 1/12,000th of an 
inch, you can see that any lost motion 
would upset the whole operation. An 
irregularity of l/l,OOOth of an inch 
would give sections you could not see 
through. ' 

"Stroud plunged deeper into his work. 
He also struggled against isolation. To 
the annoyance of prison officials, he 
managed on several occasions to get his 
story into the newspapers and on the 

He made a microtome which could Cltt slices two microns thick 
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EXCELLENT FOR 
CHRISTMAS GIFTS UNUSUAL OPTICAL BARGAINS 

SPITZ 
MOONSCOPE 
.. \ precision-made 32 power reflecting 
telescope-by the makers of Spitz Plan
etarium. Clearly reveals the craters of 
the moon, shows Saturn, Jupiter, other 
wonders or the heavens. Based on same 
IlI'incipies as world's giant teh'!sCOjles. 
Slands 36" high on removable legs. Ad· 
justable 3" polished and corrected mirror. 
Fo,'k type A ll-Azimuth rotates on full 3600 circle-swings to any location in the sky, 
I"ascinuling' IS·page instruction book is in
dudcd. Instt'umcnt packed in sturdy CatTY' 
in:..!" case. 

Stock No. 7 0. 068·5 ........ $14.95 Pstpd. 

Take Telephoto 

Shots Thru 

7 X 50 
MONOCULAR 

'rhis is fine quality. American made instrument-war 

surulus! Actually % or u.s. Gort. 7 x 50 Binocular. L'sed 

(or general observation both day anu night and to take 

fascinating telephoto shots with your camera. Brand new, 

$95 value, Due to Japanese cOOlllctition we close these OU! 

at a bargain price. Directions and mounting hints included. 

Stock No. 50.003-5 .......................... $15 .00 Pstpd. 

4" REFRACTOR TELESCOPE 
240-POWER 

Complete with Finder. EQua
torial :Uounting, Tripod, Kye
piecc Extension, Star Diagonal, 
tlnd Three E:",c})ieccs gi\'ing :you 
48X, 120X and 240X, Special 
Barlow lens also gins up to 
500X, Big 4" objccth'c is an 
air-sllaced achroma!. each ele
ment roated on both sides ror 
low reflection. H.ack-and-pinion 
focusing. A $-100 \'alue, 

Stock No. 85.038-5 .. . 
(Shipping wt. 5(; lbs,) 

................. $247 . 0 0  f .o.b. 
Barrington, N. J. 

SILICONE POLISHING 

AND CLEANING CLOTHS 
New! Saving industry thou
sands of dollars. Combines the 
miracle of Silicones with a nOIl
woven, all rayon cloth, Used 
o\'er and ove1' (washable) to 
dust, polish. Ilrotect. anti-fog; 

mirrors, reflectors, lenses, coated o�tics, cr:rstal. glass, 
lucite other plastirs. \\'on't f:.cratch. LlI1t1ess, !lOll-oily. 'fry 
samllt

'
e package. Cloth s ize 18" x 16". 

Stock No. 60.059-5 .............................. 51. 00 Pstpd. 
Sample package-3 cloths 

Stock No . 70.137-5 .............................. 26.50 Pstpd . 
Package of 100 

Lower prices on I 

NEW! ST ATIC ELE C TRICITY 

6 
�' 

GENERA TOR 
See a thrilling spark display as you 
Sf!t oft' a miniature bolt of lightning. 
Absolutelysafeand harmless, Sturdi-
1y Illade--stands U" high. Turn the 
handle and two 9" plastic disc� ro
tate in ollPosite directions. 1\1etal 
collcctor brushes pick UI) the static 
electricity, store it in the Leyden 
jar type condenser unt.il discharged 
bl' the jumping spark. Countless 
tricks and experiments. 24 page 
instruction booklet included. 

0.95 Postpaid 

BUILD A SO L AR 
ENERGY FURNA C E 

Good Geophysical Year Project 

A fascinating new field. You can 
build your own Solar Furnace foJ' 
experimentation-many practical 
uses. It's easy-illexpcnsi\'e-use 
your serap wood. \Ve furnish ill
stnwtion sheet, This sun powered 

furnace will gCllcrat e terriflt' heat 2000° to 3000°, 
Fuses ellallIel to metal-produces many unusual 
fusing elreets. SCIS )JapeI' aflame in seconds. Use 
our )j"'rcsncl Lells-1-1%," diameter .. f.I. 14" 

Stock No. 70.130·5 package of 1... . .... $ 6.00 Postpaid 
Stock No. 70.13 1·5 package of 2.... 11.00 Postpaid 
Stock No. 70.132-5 package of 4 ........ 20.00 Postpaid 

Fine. American-Made Instrument at Over 50% Saving 

STEREO MICROSCOPE 
For Industrial or Hobby Use 

Up to 3" WorkinCJ Distance-Erect 'maCJe-Wide 3 Dimensional Field 
�ow, ready after years in development-this instrument answers the 10llg standing need 
ror a sturdY, efficient STEREO 'MICROSCOPE at low cost. Used In production-in re
search-in the lab, shOD, factory. or at home: for inspections, examinations, counting. 
checking, assembling, dissecting-speeding up and improving Quality control. 2 sets of 
objectives on rotating turret. Standard pair of wide field lOX Kellner EYepieces give you 
23 power and 40 power. Additional eyepieces available for greater or lesser magnification. 
Helical rack and pinion focusing. Precision, Amel'ican-made! WE WILT... SHIP O� , 
to-DAY FREE TRIAL . . .  complete satisfaction or your money back. 

, Order Stock No. 85.056-5 ......... .................. .. $99 .50 f.o.b. 8arrington. N. J. 
(Shipping wI. appro •• II lb •. ) Send check or M .0. 

41f' ASTRONOMICAL TELESCOPE 
14 MT. PALOMAR TYPE ONLY 

UP TO 270 POWER 

A REAL REFLECTOR TELESCOPE 
Complete with Equatorial Mount. TripOd 

$7450 
COMPLETE 

With this scope you can see the craters 011 the moun. rings of Saturn. 
double stars. or a newspaper headline at a mile! .Mirror guaranteed to 
gi\'c theoretical limit of resolution. 6X Finder, Hack and pin focusing, 
removable mirror mount, real equatorial mounting-only one adjustment 
follows stars! Aluminum tube-takes staJl(lal'{1 eyelJieces. You get -lOX 
Kellner, %" F. L. eycpiece, one Barlow lens to gi\'c you liP to :!70 Power. 
Fill mirror corrected to better than 1/.1," wa\,elength. 

Stock #85.006-5 ........................ $74.50 f.o.b. Borrington. N. J. 

See the Stars. Moon. Planets Close Up! 

3" ASTRONOMICAL REFLECTING TElESCOPE 
60 & 120 Power-An Unusual Buy! 

'o;;;:;::;;;iiiiiiii� 
Famous Mt. Palomar Type 

• You'll sec the Rings of Saturn, the fascinllting planet :'lIars, 
huge Cl'aters on the 1\loon, Star Clusters. Moons of Jupiter ill 
delail. Galaxies! Equatol"ial mount with lock on both axes. 

,-\Iuminized and ovel'coated 3" diameter high-speed f /10 mil'rot'. 
Telescope comes equipped with a 60X eyepiece and a mounted 
Barlow Lens, giving you 60 & 120 powe,'. An Optical FindcI' 

Telescope, alwa�'S so essential, is also included. StUl'dy, h:1I'd. 
\\"ood, portable tripod. 

Photographers! This I!'I an actual Photogr:,tPh of the moon taken through our Astronomical 
Telescopc by a 17·year-old student. 

Free with scope; Valuable STAR CHART 
and 272 pagc "Astronomy Book." 

Stock No. 85.050-S ........................................ $29 .50 f.o.b. 
(Shipping wt. 10 Ibs.) Barrington. N. J. 

MAKE YOUR OWN POWERFU L  
ASTRONOMI CAL TELESCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 

Complete Kits Including Blank, Tool and Abrasives 

.A 11 over America amateurs are grindIng their 
own mirrors and making expensive Telescolle:o:. 
cheaply. You can do the same using our Kits. 
These contain mirror blank, tool, abrasives, 
diagonal mil'l'Or and eyepiece lenses. You 
build instrUllJents ranging in value from $2-15 
to thousands of dollars. 

Stock No. Dia. Mirror Thickness Pric.e 
70,003-5 4'/.' ',4'. $ 7.50 postpaid 
70.004·5 6" 1" 11.95 postpaid 
70.005·5 8" PI," 19.50 postpaid 
70.006·5 10" P,4" 3 0 .75 postpaid 
70,007-5 12" 2'/," 54.75 postpaid 

INFRARED SNIPERSCOPE TELESCOPE & PART S 
See in the dark-without being observed. War surplus Sniperscope M-2. 
Gov't cost about $1200. Used for industrial plant security; research lab 
experiments; infrilred photography; spectroscopy, etc. Instrument complete, 
ready to use. Includes Power Pack, infrared light source. 'Vill operate 
from 6V auto baLtery. Battery or transformer available, 
Stock No. 85.053-5 ...................................................................... $150.00 f.o.b. 

shpg. wt. approx. 12 lbs. 
Barrington. N. J, 

Save still more money! Build YOUl' own SniperSCO}le! 'Ve 
will furnish instructions-parts, including: Power 1'ac]\,s, 
lP2S.t image tubes, light UllitS, filters, etc. For details-re
quest FIlEE Bulletin A-26-S. 

New! 2 in J Combination! Pocket-Size WRITE 
FOR FREE CATALOG·S 50 POWER MICROSCOPE 

and 10 POWER TELESCOPE 

Ci9 
Useful Telcscope and )I.i
CI'OSCOpC COlllhlned in one 
<l1ll;lzing, pl'ecisiOI1 instru
llIent. ImpOI'ted! �o larg<!r 
than a fountain pen. Tele· 
scope is 10 Powel·. 1\1 iel·o· 

scope nwg:nille>; 30 Times. Shal'p focus :It any r:lnge. Handy f,)!' SPOl·\';';. 
looking at small objects, just plain 
snooping. 

Order Stock z; 30.059-5 .... $4.50 ppd. 
5end Check or M.O. 

Huge selection of lenses, prisms, war surplus 
optical instruments, parts and accessories. Tele

scopes, microscopes, satellite scopes, binoculars. 
Hand spectroscopes, reticles, 
mirrors, Ronchi rulings, doz
ens of other hard-to·get op
tical items. America's No. 
1 source of supply for 
Photographers, Hobbyists, 
Telescope Makers, etc. 

Ask for catalog 5 
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M I S S I L E S Y S T"E M S  

SCI E N T I STS ' 

" " , · · · · · · · · · · · · · , · · , · · · · · · · · · · · · · · · · · · · ·1 
M ajor achievement is r"equ ired 
in the following areas : 

Guidance and control systems 
analysis and synthesis, geophys
ics, applied mechanics, solid state 
physics, aerophysics, gas dynam
ics, electromagnetie wave propa
gation, commu nication theory, 
operations research, weapon sys-
tems analysis, microwave com-
ponent research, jnstrumentation 
research, optics, infrared, high 
temperature physics, theoretical 
chemical physics. , 
I n q u i r i e s  are invited.  Please I address the Research and Devel
o p m e n t  S t a f f ,  P a l o  A l to 4 ,  

" 
. . . .  �.�� ���.

r
,:��: . . . . . . . . . . . , . . . . . . . . . . . .  .j 
. (J) I L� � 

M I s s t  LIE S Y S T E M  S 
A D I V I S I O N  OF 

LOC K H E E D  A I R C R A FT CORPORAT I ON 

PALO ALTO . S U N NYVALE . VA N N U Y S  
C"A L I FO R N I A  

GIANT "3" inch TELESCOPE 

40 POWER postpaid $57.50 
H I G H  P O W E R  S P O T T I N G  S C O P E-A m e r l , a n  M a d e 
Big 3" diameter Achrom atic Coated Objective will give 
bright crystal clear images. )Hcrometer Spiral Focusing 
Draw '.rube. Lightweight aluminum construction throughout. 
black crackle finish. length open 22", closed 1 5 % " ,  l.·pright 
image. Guaranteed to eire superb performance. 

MOUNTED A IR  SPACED OBJECTIVES 
We o ff e r  t h e  fi n e s t  hand- corrected a i r  

spaced A m e l'il'an m a d e  a s t ronomical objecti ves. 
M o unted in Blaek A n o d ized A l u m i n u m  Cel ls .  

D I ll. .  F . L  P R I C E P R I C E  

3Y4 "  48" Coated 532 .00 Not Coated 528 . 00 
4'/8 " 62" Coated 569 .00 Not Coated 560.00 
W e  can su p p ly A L U  M I N U  M T U  B I  N G  for the above lenses. 

MOUNTED 1y.{' 0,0. EYEPIECES 
1 2 . 5  mm F.L. Symmetrical . . . . . . . . . . . . . .  $6.00 

1 6  m m  F.L. Ertle ( Wide Angle) . . 1 2 . 50 
16 mm F.L. Triplet . . . . . . . . . . . . . . . . . . . . .. 1 2 .50 
1 8  mm F.L. Symmetrical .. . . . ... . ... . . 6.00 
22 m m  F.L. Kellner .......  " . . . . . . . . . . . . .  6.00 R2 Illln F.L. Orthoscopic .. .. . . .. . .. . . ... . . . ..... ........ .... .... .. .. .. .. 1 2 . 5 0  

na 1111n Ii'. I.. . Symmetrical . . .. . .. . . ... .. .. .. .... .. .... ... . ............ .. 8.00 55 nun F.L. l�ellner . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.00 COATI NG 7SC extra 

"BIG" LENSES ��� :��ec
r�g� f!n�����; 

the largest in the t:nited 
States :LrailalJlc for immediate delircry, Perfect magnesium 
tl uol" i d c  roated nnd cemented nchromatic telescope objectil"es. 
A lll l i l i l luni  tub ing and cells fll"flilable for lenses l i sted below. 
Send for com p l et e  l i st of other d i a m eterl and focal lengths.  

O i a .  F.L.  E A C H O i a .  F . L. EA C H 
2 \> "  10" $ 1 2 . 50 3t.." 15" $21.00 

*� :: ��� ., : I �:�g g�':, ���" ���:&g 2�" 40" $12"50 4%" 42,," $67.00 
2\>" 50" $12,50 5,.." 24%" $85.00 

ASTRONOMICAL TELESCOPE M IRRORS 

Pyrex 
Pyrex 

P o l i s h e d  to Y4 Wave and A l u m i n i zed 
O i a.  F . L .  

��X;, :�:: 
6" 60" 

Postpaid 
5 9.75 
5 13 " 50 
525.00 

F ree Catalogue " M I L L I O N S "  of Lenses. etc . 

We pay the POSTAG E-C . O . D . ' s  you pay postage-Sat i sfact i on 
guaranteed or money refunded I f  returned within 10 days. 
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radio. In the fall of 1 940 his health, 
which had been declining for several 
years, fell to a new low. He almost died 
of pneumonia. But the articles and let
ters he wrote during this period showed 
that his mind retained its vigor. 

"In 1938, when he was raising pure 
white Yorkshire canaries, Stroud experi
mentally fed them anthraquinone dyes. 
This resulted in lavender and pink cana
ries, but, more important, it also proved 
to be an effective treatment for aspergil
losis, a fungus disease of birds. 

"Later Stroud followed with intense 
interest the development of sulfanila
mide, also a dye, as a therapeutic agent. 
He concentrated his full energy on 
anthraquinone, hoping to establish 
similar properties for this drug. His tar
get was the tubercle bacillus. He lacked 
facilities for the work, but his efforts at
tracted the interest of a bacteriologist at 
the University of Iowa, who visited him 
in his cell. 

" 'He was doing an admirable piece 
of work under restricted conditions, ' the 
bacteriologist reported. He agreed to 
carry Stroud's investigation forward. 

"Stroud now began work on a book, 
illustrated with his own drawings, of 
everything he knew about the care, 
treatment and diseases of cage birds. 
Into it went not only the facts he had 
learned by experiment, but also related 
observations which come naturally to 
men who live in cages : Under the title, 
'Cages,' he wrote : 'I am qualified to 
speak for but one group of birds on this 
subject, the small seedeaters. I want to 
go on record against that very popular 
and very stupid abomination, the round 
canary cage. That a bird is able to live 
in one of these contraptions says much 
for his adaptability . . .. Birds like cor
ners for the same reasons you like them : 
they give a sense of protection. This may 
be a throwback to the time when both 
of us crawled out of the sea and hid un
der a rock, but it is so very real that 
much of humanity would go mad if com
pelled to live in round rooms.' 

"By 1 9 4 1  prison officials had grown 
less tolerant of Stroud's extraordinary 
activities. It was no longer easy for him 
to get what he needed for his work. 
When he was unable to obtain an occa
sional piece of ice, Stroud wrote the 
warden of his prison : 

" 'As you know, for the last five years 
I have devoted time to the study of 
avian pathology and have cut thousands 
of sections from canary tissue. I am sure 
that some of my pathological drawings 
will perform a selvice long after we are 
both dead. But under the best conditions 
the work is not easy. It is so difficult that 

they do not attempt it in the hospital but 
send all such work to the Hygienic Lab
oratory in Washington. 

" 'One great difficulty is the fact that 
the cutting can only be done at the cor
rect temperature. On the outside it i s  
done in air-conditioned rooms where the 
temperature is thermostatically con
trolled. I overcame this difficulty by put
ting my microtome in the icebox until 
the wax is chilled, and then making the 
cuts during the few moments when it is 
just right. B ut to do this I have to have 
ice. I have had an order for ice, first 
issued by Warden White. In the last few 
years I have been able to get it simply 
by explaining the need to the guards who 
understood my work and were sym
pathetic. Under a change in detail here 
these conditions no longer exist.' 

"The appeal did not succeed. In an
other letter in which Stroud asked for 
permission to continue receiving a few 
simple chemicals, he wrote : 

" 'You [the warden] have always been 
extremely kind and considerate in grant
ing my requests for reagents, though I 
have little doubt that at times my de
sires have seemed to you insatiable and 
beyond reason. But this has only been 
because the problems involved in the 
study of bird diseases are no less com
plex than those in human diseases and of 
a nature to tax human ingenuity to the 
limit, even under the best of circum
stances. I have felt you realized this and 
that it was a prompting motive behind 
your many kindnesses. In appreciation 
I have been meticulous and diligent in 
applying these reagents to the sole pur
pose for which they were granted me.  
Since these items were not of an ob
jectionable nature, the presumption is  
created that maybe my own conduct has 
been in some manner objectionable. If 
this is the case, I would like to know it 
and correct the matter. ' 

" 'The new order,' replied the warden, 
'in no way reflects against your conduct . ' 

"But subsequently, when a congress
man appealed to the Bureau of Prisons 
in Stroud's behalf, Director James V. 
Bennett replied, ' .. .  The story of a man 
like Stroud being interested in birds is, 
of course, an appealing one, but we are 
dealing with a very difficult individual 
who has been a constant source of trou
ble and agitation since he has been in 
our institutions, involving incidentally a 
very considerable expense to the Gov
ernment. Under the circumstances, I am 
convinced that it would be decidedly in
advisable to permit Stroud to engage in 
any such project.' The project was a pro
posed revision of Stroud's book. 

"The effect of such restrictions was 
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Uniform • . .  thanks to gentle heat at high temperature 

Imperial Oil's massive heaters using 
Dowtherm provide 700 °F .  processing 
temperatures to reboilers. 

For processing un iform oi ls, Imperial O i l  L im ited 

uses the un iform heat-transfer medium-Dowtherm! 

To ensure product uniformity-such as  
color, odor, and response to  additives
Imperial Oil Limited of Canada 
planned an oil processing sequence for 
their new lube oil refinery at Edmon
ton, Alberta. Their plan included a 
process heating system using liquid 
Dowtherm®, the modem heat-transfer 
medium. 

Essentially, their choice of Dowtherm 
was based on its high temperature 
stability. But study revealed cost and 
operating savings as well. In addition, 
lower oil skin temperatures and ease 
of operation promised more gentle 
treatment of oil in process. 

Processors in other industries choose 

Dowtherm as the ideal heat-transfer 
medium also, because it overcomes 
most of the disadvantages of other 
chemical mediums, hot water, direct 
fire and steam. In vapor systems, it 
provides temperatures to 750 ° F  . . •  

with fraction-of-a-degree accuracy . . .  
at pressures below 150 p.s .i. ! What's 
more, heat transfer is completely uni
form, eliminating local overheating and 
underheating. 

Whatever your product-profit by hav
ing all the facts on Dowthelm and the 
more compact, thinner walled equip
ment its low operating pressures make 
possible. Write THE DOW CHEMICAL 
COMPANY, Midland, Michigan, Dept. 
BD-847L-1 . 

Y O U C A N D E P E N D  
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t e a m  lN i t h  v a r i a t i o n s  
Well known in operations research is the team approach, 
through which many varied disciplines are brought to 
bear on a problem . But tech/ops, a leader in the field of 
operations research, varies in this approach with indi
vidual,  solitary thought and research. The team concept, 
together with individually conceived ideas, has produced 
a highly successful technique which is developing unique 
solutions to complex operations research problems in the 
fields of weapons systems, tactics, organizations and 
logistics. 
You may find the variation your career needs to grow 
into its fullest, most meaningful expression, when you 
join the tech/ops team of scientists at Fort Monroe, 
Virginia ;  Burlington, Massachusetts ; Monterey, Cali
fornia ;  or Washington, D. C . - where the future is being 
explored now. 

Address: ROHEJR'I' /" KOLLER 

TECHNIt;AL OPERATIONS, INCORPORA TED 
Burlington , M assachusett,� 

for your career at  
F O R T  M O N R O E ,  Vi rgi n i a : Th ree 
senior appoi ntments ava i lab le  o n  the staff of 
Combat Operations Resea rch Grou p .  C a n d i 
dates s h o u l d  have tra i n i n g  a t  least o n  masters 
level i n  p h ysics,  mathematics o r  statistics, 
several years' experience in operat ions  re
search or related fi e lds.  

B U R L I N G T O N ,  M a s s a c h u s e t t s : 
Sen ior  appo intment  ava i l ab le  for scientist to 
d i rect develo p m e n t  of computer- s i m u lat ion  
programs to solve complex operati ons  re
search problems.  Must have severa l  yea rs' 
experience in computer  fie ld .  

WAS H I N GTO N ,  D .  C,:  Two a p 
poi ntments ava i l ab le  f o r  operat ions a n a l ysts 
with tra i n i n g  and exper ience in computer 
technology. 

M O N T E R E Y , Cal i forn ia : Senior ap
pointment ava i l ab le  for scientist to d i rect 
operations of field experi ment gro u p ,  

--
I 

* Dr. Ian W. Tervet, Director of techjops' M onterey office, discusses a problem with a team of techjaps scientists. 
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reRected in Stroud's health and disposi
tion. After he had had a critical bout 
with pneumonia, an old kidney disease 
returned. Under these pressures he tried 
again to bring his situation to the atten
tion of the outside world. He placed 
copies of a long and bitter letter ad
dressed to his brother in the hands of 
three prisoners due for release. Two of 
the copies were intercepted . 

"In December of 1 942 Stroud was 
transferred from Leavenworth to Alca
traz. Behind him he left perhaps the 
strangest collection of objects ever found 
in a prison cell : half a ton of laboratory, 
office and bird equipment, including 44 
boxes of microscope slides . He also left 
22 live birds . 

"In Alcatraz Stroud was continued in 
solitary confinement. Although he was 
without birds or equipment, he was 
allowed to complete his book. Today 
Stroud's Digest on the Diseases of Birds 
is a well-thumbed volume in public li
braries and on the shelves of bird breed-
ers. 

"Stroud now began an intensive study 
of penology and law. Ultimately he 
wrote a 100,000-word analytical history 
of the Federal penal system from 1 790 
to 1930.  It was confiscated by the Bu
reau of Prisons. Stroud petitioned the 
Federal courts for its release, but with
out success.  

"In 1953 Frank Dittrich, who had 
purchased the copyright of Stroud's 
Digest, requested the Bureau of Prisons 
to permit Stroud to work on a new edi
tion. This permission was denied . 

"My full-length biography of Stroud, 
Birdman of Alcatmz, was published in 
1 955 by Random House. It has been re
printed in England, West Germany, 
France and Japan, received wide notice 
in the press throughout the world and 
is soon to appear in the U. S. and Eng
l and in a paper-backed edition.  Stroud 
has never been allowed to read it .  

"Article YIn of the Bill of Rights 
states : ' . . .  nor ( shall ) cruel and un
usual punishments be inRicted.'  To keep 
any man in isolation from his fellows for 
more than four decades in this nation of 
presumed enlightenment would seem to 
constitute punishment as unusual as it is 
cruel .  

"The Federal Bureau of Prisons was 
invited this past October to explain its 
handling of Stroud's case. In response 
an official of the Bureau stated that he 
neither could nor would release any 
facts concerning the prisoner. 'In the 
opinion of the Bureau,' he said, 'Stroud 
belongs where he is and he will stay 
where he is unless his sentence is com
muted bv the President.'  " 

C A T A L Y S I S  
SPECIAL OPPORTU N I T I ES FO R A FEW 

S C I E N T I S T S  
FO R 

FU NDAM ENTAL STUDIES 
A N D  

EXPLORATORY RESEARCH 
I N  T H I S  C H A L L E N G I N G B O R D E R L I N E  A R E A  O F  T Hf:  

P H Y S I C A L  A N D  C H E M I C A L  S C I E N C E S .  

LOCAT I O N :  PH I LADELPH IA  A REA 

Write to Dr. R. W. Schiessler, Director of Research 
Division ,  Research a nd Develo pment La boratory, 
Socony M o bil Oil Compa ny, I nc. ,  Pau lsboro, N. J .  

P 
H 
o 

P H O E N I X  
N 
I 
X 

At the crossroads of op portunity for men with 
vision in  Electronic Engineering. 

For lab and plant tests 

• • •  the � 
Null Indicator 

U s e  this modern successor to t h e  spot
light galvanometer for null detection Or 
polarity indication, in either research or 
production line tests. 
Its sensitivity is adjustable to a high of 
.001 microamp /mm (1 microvolt / mm) . 
Period of less than 7Jl second speeds test
ing. It withstands vibration, shock , se
vere overloads. Needs no leveling or 
special mounting. 
MINNEAPOLIS-HONEYWELL REGULA TOR 
CO. ,  Industrial D ivision, Wayne and 
Windrim Aves. , Philadelphia 44, Pa. 

H 
HONEYWEll 

PRICE $1 75.00 F. O. B. PHILAOELPHIA. 
Delivery from stock. 
For complete facts, ask for Data 
Sheet No. 10.0-12. 

Honeywell 
B R O W N  , N S T R U M E N T S  

G O O D Y E A R  
A I R C R A F T 

C O R P O R AT I O N  
ELECTR O N I C  LABORATORY 

Arizona Division 
Litchfield Park, Arizona 
A Subsid ia ry of the 

GOOOYEAR TIRE & RUBBER CO. 

WE HAVE OPEN I NGS I N  OUR 
MODERN LABORATORIES FOR 

ADVANCED ENG I NEERS 
I N  ELECTRON I C  RESEARCH 

Long range research and 
development projects. 

University of Arizona graduate studies ava i l a b l e  

under c o m p a n y  fi n a n c e d  e v e n i n g  courses. 

L E I S U R E  L I V I N G  A T  ITS B E ST 

" I N  T H E  V A L L E Y  OF THE S U N "  

M odern I n e x p e n s i v e  Housing 

Send resume t o :  A.  E. Manning 

Engineering and Sc ientific Personnel 

GOODjYEAR AI R€:RAFT 
L I T C H F I E L D  PARK 

PHOENIX, A R I ZO NA 
S i m i l ar o p portu n i t i es ava i lable In our 

A kron. O h i o ,  Laboratory 
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Volumes 
$10.00 

If your son or daughter - or some other young person you know - is one of 
those gifted students whose imaginations , are fired by discoveries on the frontiers 
of science today, you will be interested in an unusual project that has grown 
out o f  the work o f  The Library of Science with the nearly 40,000 scientists, 
educators and other professionals who are its members. Many o f  them, speaking 

as p arents as well as SCientists, have repeatedly suggested the organization of a program which would provide, 
on the level of the intelligent high school student. the same type of serious and mature reading association 
exemplified by The Library o f  Science itself. 

To help meet this need, The Library of Science has now founded 
the YOUNG ADULTS' DIVISION-and invites you to sponsor 
for membership those high-school-age students of your acquaint
ance who can profit by an integrated scientific program which : 

I .  Seeks out the finest scientific literature for young adults
not "popularizations," but books that stimulate thinking, 
excite imagination, advance knowledge ( HARVARD CASE 

HISTORIES I N  EXPERIM ENTAL SCIENCE is an example of the 

calibre of literature that will regularly be available); 

' 2. Supplements this l iterature with working scientific equip
ment chosen to provide practical knowledge (a new Satel

lite Pathfinder. developed at the Hayden Planetarium. is 

the first scientific instrument scheduled jar distribution); 

,--,II �lrJicettt mem6ersfiip aft �r 
eM-1i(J01UlJ pers-qll CJOU cks§nate 

3. Offers the means for the sharing of scientific thinking and 
experiences in SCIENCE PERSPECTIVES. a new magazine pub
lished exclusively for the YOUNG ADULTS' DIVISION. (The 

first issue will be  devoted to the international Geophysical 

Year and how young people may participate in it.) 

As members. the young people you sponsor will receive, 
along with the first Membership Selections of their choice, 
a copy of HARVARD CASE HISTORIES a s  a Gift - without 
charge to you . They choose their first Selections from : "HARVARD CASE H ISTORIES IN EXPERIMENTAL SCIENCE 

Edited by James Bryan.l COl'iant� Former PreSident. Harvard University 

This extraordinary two·volume work-just published by Harvard Univer· 
sity Press at S 1 0.00-will be sent a� an Enrollmenl Gift to each yo ung 
person you sponsor for membership in the YOUNG ADULTS' D,VIS,ON of 
The library of Science, along with the fi rst Membersh ip Selection of 
his choice. 

8-ased upon actual classroom material tested during the past ten years 
at Harvard, the Iwo volumes of Ihe Case Histories ore an encycloped ic 
guide 10 the decisive turns in scientific thinking from the Golden Age of 
Greece until the present, embracing physics, chemistry, biology, otomic 
theory and the philosophy of science. 

YOUNG ADU LTS' D I V I S I O N ,  The L ibrary of Science 
59 Fourth Avenue, New York 3, N .  Y.  

Membership proposals: 

THE MODERN UNIVERSE, by R. A. Lyttleton ( to members 
$ 3 .25 ) ;  ELECTRONS, WAVES & M ESSAGES, by J ohn R. P ierce 
( to members $ 3 .9 5 ) ;  CELLS & SOCIETIES. by John T. 

Bonner ( to members $ 3 .9 5 ) ;  and THE ART OF SCIENTIFIC 

INVESTIGATION, by W. 1.  B. Beveridge (to members $ 3 .25 ) .  

As a n  adult sponsor, you need pay for as few as four book 
Selections to be chosen by your YOUNG ADULTS' member 
during the next 12 months . All volumes will be offered at  
Member's Prices ranging generally from $2.95  to $ 3 .9 5 .  

42 9 
Editorial Advisory Board 

HARRISON S.  BROWN 
Professor 0/ G eochemistry, California.. 
Institute of Technology 

Please enroll  the young people l isted alongside as m e m 
b e r s .  s e n d i n g  them i m mediately t h e i r  :\Iembersh i p Cert i 
fica tes. inscribed i n  their names, They w i l l  also receit'c 
as an Enrollment. Gift. w i thout charge to me,  the 
HAH.VAHn CASE H I STORIES I X  h--XPEIUMENTAL 
SCIENCJo;. along with the first Membership Selection o f  
their c h o i c e .  and a f r e e  subscription to S C I E 1'." C E  PER· 
SPECTI YES. I understand members need select a s  few 
as 4 books during the next 1 2  month s ,  alwa)'s a t  reduced 
:\fember ' s  Prices. Bills for Selections should be sent to : 

Nome' __________________ �Age __ __ ROBERT H .  CARLETON 
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Address ______________________ _ 

City ___________ Zone __ State ____ _ 

N a m e  ___________________ Age __ __ 

My Name' ____________________________ _ 

Address ______________________ _ 

_____________ Zone ____ 5Iate___ City ___________ Zone __ 5tate ____ _ 

Executive Secretary. National Science 
Teachers Association 

GEORGE W. CORNER 
Historian, The Rockefeller Institute lor 
Medical Research 

HENRY MARGENAU 
Professor 0/ PhYSiCS, Yale University 
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by Ernest Xagel 

PROBABILITY AND SCIENTIFIC INFER

ENCE, by C. Spencer Brown. Long
mans, Creen and Company (18 shil
lings) . 

T
he theory of probability is a flour
ishing branch of pure mathemat
ics. It is also an indispensable 

instrument of modern scientific inquiry. 
Nevertheless,  despite the extensive de
velopment of probabilistic notions dur
ing the past three centuries, probability 
continues to be a subject for vigorous 
controversy. This book, by a research 
lecturer at Christ Church, Oxford, is a 
stimulatingly iconoclastic contribution to 
the debate. 

Why, and at what pOints,  are the 
foundations of probability still unset
tled? A wit once remarked that m athe
maticians accept the theory of probabili
ty in the belief that it is firmly supported 
by physics, and that physicists use the 
theory with confidence because they as
sume it to be rigorously established by 
mathematics . This estimate of the situa
tion is no longer accurate, if it ever was, 
but it suggests an important point. 
Probability as a purely mathematical 
discipline is not in fact a controversial 
matter, for in this sense probability theo
ry consists simply in the logical deduc
tion of consequences from stated axioms 
or postulates. There are, to be sure, dif
ferent axiomatic foundations for the 
theory, and these differences frequently 
reflect differing intended uses and in
terpretations for an essentially abstract 
calculus. However, no one seriously 
doubts the validity of most of the proofs 
mathematicians have devised for the 
characteristic theorems in the subject. 
One such theorem is that the probability 
that two events both occur is never 
greater than the probability that just one 
of the events occurs. This theorem fol
lows rigorously from axioms normally 
adopted for the theory. It is true that 
proofs sometimes proposed for a theo
rem may be erroneous; but no radical 
issues are normally involved in identify-

BOOKS 
A stimulating new discussion of 
the foundations of probability 

ing and eliminating such error. In short, 
probability theory as a branch of pure 
mathematics can indeed be accepted 
without examining the grounds that 
physicists (or other empirical scientists )  
may invoke i n  judging the soundness of 
the axioms or the theorems .  

The really controversial issues i n  the 
continuing debate on probability are of 
two sorts, one more general than the 
other. The more general questions re
late to constructing an adequate defini
tion for the notion of probability, and 
to finding useful interpretations for the 
basic terms of the abstract probability 
calculus. The more specific problems, 
not unrelated to the broader ones,  are 
concerned with fixing the range of legiti
mate application of the calculus, and 
with determining the conditions for the 
valid use of its theorems in concrete con
texts of inquiry. Three major types of 
interpretation for the calculus have been 
proposed. One interpretation (usually 
called the "subjective" view) takes prob
ability to be the measure of the intensity 
with which one ought to hold a belief 
in the occurrence of some event, relative 
to the available evidence for that belief. 
A second interpretation (sometimes la
beled the "logical" conception) under
stands by probability an objective logi
cal relation between the premises and 
conclusion of a given argument, where 
the premises may imply the conclu
sion only partially and only to a certain 
degree. According to a third view (com
monly known as the "frequency" no
tion), probability is an empirical proper
ty of events ,  and the degree of probabili
ty of an event is the relative frequency 
with which the event occurs "in the long 
run" in some stated class of events. The 
merits and deficiencies of the alternate 
versions of probability remain a moot 
issue. As a matter of fact, however, most 
empirical scientists at present, as well 
as a good fraction of statisticians, adopt 
the frequency conception when they 
make concrete applications of probabil
ity theory. 

C. Spencer Brown's book is addressed 
primarily to some of the more specific 
issues centered around probability the
ory, though it also deals tangentially 

with many other questions. The book 
is an acute critique, not of the formal 
validity of the mathematical theory of 
probability, but of some of the uses to 
which the theory is often put-especial
ly, though not exclusively, when prob
ability is construed as a relative fre
quency. Brown's main contention is that 
a variety of statistical inferences, drawn 
in accordance with important theorems 
in probability theory, are in fact in
valid. He calls these inferences invalid 
because the conditions under which the 
supporting theorems are theoretically 
sound are never fully realizable in prac
tice. Brown singles out two such condi
tions for particular attention : one is the 
condition that the events to which prob
ability theory may be applied are in 
some sense "random" or "haphazard" in 
their occurrence; the other is  the con
dition that, though an event occurs in 
a random fashion, it nevertheless has 
a determinate or "true" probability. 
Brown's discussion from this perspective 
of the evidence for the reality of extra
sensory and other parapsychological 
phenomena is particularly interesting. 
He also believes that what he calls the 
"classical" probability theory (under 
which label he also includes the rela
tive-frequency conception) has been 
developed and employed on the basis of 
dubious "metaphysical" assumptions. 
But while he offers some hints as to what 
should replace these assumptions, his 
book is frankly a job of demolition 
rather than of reconstruction. 

The difficulties to which Brown calls 
attention all hinge, in one w ay or an
other, upon the sound p oint that the 
tests for statistical significance prescribed 

EDITOR'S NOTE 

Each December since 1949 
this department has reviewed a 
considerable number of books 
about science for younger read
ers. The custom is  continued in 
this issue, although fewer books 
have been selected for review. 
The reviews begin on page 162. 
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by probability theory are valid only if 
the data in the samples used as the basis 
for inference have been obtained in a 
random maRner . For example, suppose 
we wish to test the efficacy of a new 
fertilizer by applying it to different 
parts of a certain wheat field. If the 
chemical is spread on parts of the field 
in which wheat ordinarily does well, but 
withheld from ground in which wheat 
usually does poorly, our sample crop will 
not be obtained at random, and our "ex
periment" will prove nothing. We must 
therefore distribute the fertilizer at ran
dom . A customary method of randomi
zation is through the use of random 
numbers, somewhat as follows .  Divide 
the field into, say, 20 strips of equal area, 
and number them consecutively. Let 
some "chance machine" ( for example, a 
suitably constructed roulette wheel) se
lect at random 10 numbers from the 
first 20 integers. ( Numbers obtained by 
some such random process have been 
published as tables of random digits.) 
If strips corresponding to the selected 
integers are treated with the fertilizer, 
while the remaining strips are not, our 
sample crop would normally be said to 
have been obtained at random. 

A problem nevertheless remains as to 
whether the device used to select the 
numbers really is a "chance machine"
whether, that is, the numbers have really 
been selected at random. It is clear that 
we must first ask what we mean by "ran
domness," and it is to this question that 
much of Brown's discussion is devoted. 
An event is sometimes said to occur in 
a random way if we are unable to pre
dict its recurrence. But this notion of 
randomness is patently "subjective," in 
the sense that whether an event is 
judged to be a random one will in gen
eral vary from person to person, and 
will depend on the state of scientific 
knowledge. A more objective notion of 
randomness is conveyed by the follow
ing idea. Suppose that each one of a 
set of events is realizable under certain 
circumstances, but that the events are 
actually realized in a haphazard way, 
so that no order is discernible in the way 
those events recur. Each event in that 
set of possible events is then said to oc
cur at random. 

To illustrate this "objective" sense of 
randomness, let us try answering the 
question whether on a given coin heads 
( H) and tails ( T) turn up at random . 
One might be tempted to reply that this 
is an easy question, if we can assume 
that the probabilities of H and T are 
each 1/2, and also that repeated tosses 
of the coin are independent of one an
other ( that is, the outcome of one toss 
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does not affect the outcome of another 
toss ) .  True. But how do we know that 
these are the probabilities,  and that re
peated tosses are independent? On the 
frequency.view of probability we must 
ultimately consult empirical freq uen
cies, so let us flip the coin 100 times . If 
H turns up 51 times, we are likely to ac
cept the hypothesis that the probability 
of H is 1/2, despite the small bias favor
ing H. On the other hand, if H turns up 
99 times, we are likely to reject this 
hypothesis and attribute a definite bias 
to the coin favoring H. 

However, before we decide whether 
or not H occurs in a random fashion, two 
important difficulties should be noted . 
In the first place, we have tossed the coin 
just 100 times, and the outcome of this 
set of tosses is obviously not sufficient 
for concluding how the coin will behave 
"in the long run ." The set of actual tosses 
is but a sample from the indefinitely 
large population of potential tosses of 
the coin . But if we are to assign any sta
tistical significance to the data in the 
sample, the sample must have been 
drawn at random . The problem of ran
domness raises its head again . The prob
lem is made more acute by the reflection 
that even if the "real" probability of H 
is 1/2, then provided the tosses are inde
pendent there is a small probability that 
H will turn up 99 times in 100 trials ( as 
an easy calculation shows). Analogous
ly, even if the "real" probability of H is 
99/100, there is a small chance that H 
will turn up 51 times in 100 tosses . It 
becomes evident that unless some fur
ther assumptions are introduced, the 
evidence yielded by the experiment of 
tossing the coin 100 times is not decisive 
for or against any statistical hypothesis. 
This conclusion holds no matter how 
large the sample with which we work. 

One such assumption that will readily 
occur to us may postulate the "represent
ative" character of the sample ; for ex
ample, we may assume that if a sample 
shows only a very small bias favoring H, 
then further samples will for the most 
part exhibit a similar bias, while if a sam
ple shows a marked bias toward H ,  fur
ther samples will in the main also dis
play such a bias. An assumption of this 
sort is tantamount to the adoption of a 
rule of procedure which says that prob
abilities smaller than a predesignated 
value are to be equated with zero . Thus, 
if on the hypothesis that the probability 
of H is 1/2, the probability of getting 99 
heads in 100 trials is less than, say, 
1/1,000, and if in a given set of 100 
tosses H does turn up 99 times, then 
the rule requires us to reject that hypoth
esis. Nevertheless, the theoretically justi-

fiable use of this rule presupposes that 
the 100 tosses constitute a random sam
ple. 

But there is a further point. Though 
a series of tosses may show little or no 
bias favoring H ( that is, the relative fre
quency of H is approximately the same 
as that of T), it may exhibit considerable 
bias favoring various complex events 
which are combinations of Hand T.  Sup
pose, for example, that H and T turn up 
in the following order : first H followed 
by T, then two H's followed by two T's , 
then four H's followed by four T's, then 
eight H's followed by eight T's, and so 
on. The series then looks like this : HTHH 
TTHHHHTTTTHHHHHHHHTTTTT 
TTT . . . .  The relative frequency of each 
of the "atomic" events H and T is 1/2, so 
that the series is unbiased with respect to 
them . But the relative frequenCies of the 
"molecular" events HH, TT, HT, TH are 
not the same, and in fact the series is 
strongly biased in favor of the first two. 
It is indeed unlikely that anyone would 
regard the series to be random in respect 
to the occurrence of the atomic events, 
since there is an obvious pattern in the 
way H and T appear; and this lack of 
randomness is reflected by the bias in 
the series favoring the indicated molec
ular events . In general, therefore, a se
ries may exhibit many kinds of bias : 
though it may show no bias favoring its 
atomic events, it may exhibit a readily 
discernible bias in favor of various kinds 
of molecular events. However, unless a 
series possesses no bias in respect to an 
indefinitely large class of both its atomic 
and molecular events, it is not ideally 
random ; and in that case many impor
tant theorems in the calculus of prob
ability, extensively used in drawing sta
tistical inferences, cannot be validly em
ployed in connection with the series .  For 
example, the glaringly nonrandom char
acter of the above illustrative series pre
cludes the application to it of the very 
important Bernoulli theorem . The con
tent of this theorem can be explained as 
follows. Suppose H and T occur in a 
very long ( strictly speaking, infinite) 
series in an ideally random manner, and 
that the theoretical probability of H is 
1/2. Break up the series into sets 0f n 
consecutive tosses ( where n may be 100, 
or 1,000, or any number we please ) ,  and 
ascertain for each of these sets the rela
tive frequency of H in it . In some of these 
sets the relative frequency of H will not 
differ from the theoretical probability of 
1/2 by more than, say, 1/20; call such 
sets "sets of the first kind." In other sets 
the relative frequency of H will differ 
from 1/2 by more than 1/20; call such 
sets "sets of the second kind." It now 
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In telescope mirrors, the reflecting part is a film of aluminum applied over glass by vacuum distillation. This film takes its shape from the glass which 
has been ground and polished to a paraboloid that brings light rays to a focus. In the application described here, titanium would replace glass. 

Telescope mirrors of titanium? 
For three hundred years, astronomers have experi

mented with metals and glass for telescope mirrors. 

Newton and Herschel used speculum metal-alloys of 

copper and tin; others have used Stellite, magnalium 

(magnesium and aluminum), stainless steel, and, of 

course, Pyrex and glass. 
Today, at least one researcher is experimenting 

with titanium because it has a low coefficient of ex
pansion. This property is vital in giant telescope mir
rors where slight temporary warping can alter the 
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turns out that the relative frequency of 
sets of the first kind is in general much 
greater than the relative frequency of 
sets of the second kind. M oreover-and 
this is the crucial point-if n is increased 
( for example, from 100 to 1,000, or from 
1,000 to 10,000) the relative frequency 
of sets of the first kind will become pro
gressively larger; indeed, by increasing 
the value of 11 sufficiently, the relative 
frequency of sets of the first kind can be 
made as close to 1 as we please. Under 
the conditions assumed we can therefore 
predict with high probability that in a 
random sample of n tosses (where 11 is 
sufficiently large) the relative frequency 
of H will differ from 1/2 by less than 
1/20. However, this result does not hold 
for the above illustrative series (in which 
one uninterrupted sequence of H's alter
nates with a similar uninterrupted se
quence of T's, and the uninterrupted se
quences become longer and longer), for 
by virtue of its nonrandom character sets 
of the second kind will far outnumber 
sets of the first kind. Were we in this ex
ample to use Bernoulli's theorem to pre
dict that in, say, 100 tosses, H will turn 
up with a relative frequency close to 
1/2, we would fall into error in an over
whelming proportion of cases. 

Now it is the main burden of Brown's 
critique that the ideal randomness pre
supposed by the theory of probability is 
not, and cannot be, fully realized in prac
tice. He therefore concludes that infer
ences drawn from actual statistical data 
in accordance with theorems of that 
calculus-and in particular inferences 
which postulate some causal factor to 
account for a bias in the data-are gen
erally suspect. They are suspect because 
the bias detected in the data may be sim
ply the consequence of some subtle fail
ure in randomizing the experiment gen
erating those data, and may therefore 
have no further significance. 

Brown's pOint can be made clear by 
considering the famous example of the 
tea-tasting lady. The lady claims that she 
can tell by simply tasting a cup of tea 
whether milk or tea was poured into the 
cup first. To test the claim she is given 
eight cups of tea, four of which are pre· 
pared by pouring the milk first ( M) and 
four by pouring the tea first (T); and 
she is asked to identify the cups by tast
ing their contents. Now an elementary 
computation shows that if the lady does 
not really possess the powers of discrim
ination she alleges, but is only guessing, 
then the probability is 1/70 that she will 
identify the cups correctly in a single 
trial. This is a small probability, so that 
if the lady does happen to call all the 
cups correctly we are likely to be im-

pressed and may be strongly inclined to 
grant her claim . S uppose, however, that 
though she is only guessing, her guesses 
(like those of most people) tend to oc
cur in a certain order. To fix our ideas, 
assume that the order is MTMTMTMT. 
On the other hand, in presenting the 
cups to the lady the experimenter will 
attempt to offer them in a random order. 
But the experimenter may himself have 
the tendency to order the cups in a cer
tain way, even when he thinks he is 
ordering them in a random manner. Let 
us exaggerate for purposes of illustra
tion, and assume that in fact he presents 
the cups in the order MTMTMTMT. 
Accordingly, the lady will call the cups 
correctly, whether she has the power of 
discrimination she claims or is only 
guessing. It is therefore evident that if 
we now conclude that the lady does pos
sess her alleged power in order to ex
plain her apparently successful perform
ance, the conclusion follows only be
cause of faulty randomization in the de
sign of the experiment. 

The patently nonrandom arrange
ment of the cups in this example has 
been introduced for the sake of ready 
comprehension, but the point of the ex
ample does not depend on this. M ore
over, while it is the human experimenter 
who is responsible in this case for the 
nonrandom ness, Brown shows convinc
ingly that even mechanical randomizers 
(e .g., chance-machines used to select 
lists of random digits) must inescapa
bly display some form of bias.  For as 
he correctly observes,  though the ele
ments of a sample may be selected in 
random order, in the sense that they ex
hibit no discernible pattern of arrange
ment of one kind, it does not follow that 
they exhibit no pattern of arrangement 
of some other kind. Indeed, it is self
contradictory to suppose that a class of 
elements has no order whatsoever, and 
the conception of an "absolutely hap
hazard" series of events is logically 
absurd. In consequence the randomness 
of a sample is always relative to some 
specified set of patterns, and given time 
enough we are bound to discover some 
determinate order of arrangement or bias 
in any finite class of events. Brown de
scribes this predicament amusingly : 
"We have a randomiZing machine which 
produces a series of ones and noughts . 
We require for experimental purposes 
a random series of 16 ones and noughts. 
We start the machine which now gives 
us a series of 16 noughts. We of course 
reject this series as unsuitable and sus
pect the machine of being biased. It is 
returned to the m akers for adjustment. 
When it comes back we have a very long 
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experiment for which we require a ran
dom series of 2,000,000 ones and 
noughts. We leave the m achine running 
all night, but on checking through the 
2,000,000 ones and noughts it  produces 
we are surprised to find not a single run 
of 16 noughts. Again we suspect it of 
being biased and send it back. But what 
is its designer to say to all this? First we 
send it back because it produces 16 
noughts in a row. Very well: he puts in a 
device to prevent its doing this. We then 
send it  back because it never produces 
16 noughts in a row. What is he to do 
now? First of all we use a specific cri
terion to reject the series the machine 
produces, and then we use the absence 
of this very criterion to reject another 
series it produces. It seems we are never 
satisfied." 

So no actual sample is absolutely free 
from bias. Two things nevertheless save 
scientific inference from invariably fall
ing into gross error as a consequence of 
the inevitable bias in the selection of 
samples .  One is that the bias produced 
by inherent structures in the subject 
matter of inquiry frequently outweighs 
the bias introduced by any particular 
randomizing agent. The second is that 
the self-corrective sampling method of 
science is in principle non terminating, 
and employs increasingly more diverse 
and sensitive tests for relevant bias . 
B rown develops these points briefly but 
vigorously, and argues that science is 
in general a continuing activity of in
quiry and experimentation, not a his
torical record of what has already hap
pened. As he eventually summarizes his 
view, scientific knowledge is  "prevented 
from dWindling completely into anec
dote only by the attitude which seeks to 
repeat experiments and confirm results 
without end." 

Little in all of this is really novel, and 
much of it has been noted by some of 
the very proponents of the theory of 
probability (for example, the late 
Richard von Mises) against whom 
Brown levels his critique. But he de
velops his argument with a fresh view, 
makes some illuminating applications of 
them and draws from them a number of 
striking (though not always well-rea
soned) conclusions. Of particular value 
are his comments on the operation of 
randomizing machines. He makes plain 
how much tampering must be done to 
them, and how much "cooking" of their 
initial products must take place, before 
practically usable "random" series are 
obtained. He has taken the trouble to 
examine some published tables of ran
dom digits, and has found various sta
tistical "oddities" in them. For example, 
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when two arbitrarily selected columns of 
random digits were matched to discover 
whether the corresponding numbers 
agreed in being odd or even, the result 
differed significantly from what was to 
be expected on the assumption that the 
columns were constructed by a "pure 
chance" selection of the digits . Brown 
believes his findings are difficult to un
derstand on the basis of classical prob
ability analysis.  He m aintains that classi
cal theory "has always prevented our 
talking about [such] oddities in terms of 
chance," largely because of its mistaken 
"metaphYSical assumption" that there is 
such a thing as "the true probability" for 
an event's occurrence. His own explana
tion of such statistical aberrations is that 
every chance-machine will produce 
events in proportions differing by as 
much as we please from any initial esti
mate of the probabilities of those events. 
Moreover, he thinks it unreasonable to 
expect that a given tendency of a 
mechanical randomizer to produce 
biased series will remain constant indefi
nitely, since even if there is no deliberate 
interference with the machine's opera
tion it is bound to wear out and to suffer 
a variety of changes with time. 

Much of this makes excellent sense, 
and helps to make intelligible how it is 
possible for a randomizer to exhibit an 
impressive bias for a time, only to have 
this bias gradually diminish or even dis
appear. On the other hand, it  is difficult 
to find in Brown's discussion convincing 
reasons for doubting the adequacy of the 
classical probability theory. His animad
versions on that theory appear to boil 
down to the simple pOint that when its 
formulations are taken literally, and 
since there are in fact no ideally random 
series and no ideally constant relative 
frequencies, the theory is  useless for sci
entific practice. But to evaluate a theory 
in this manner is to take a somewhat 
myopiC view of the function of theory 
in experimental science. Such criticism 
would lead to the rejection of most 
mathematically formulated theories as 
useless. In fact, most physical theories 
developed in modern times employ vari
ous kinds of "limiting" or "ideal" notions, 
to which nothing in nature literally cor
responds. These theories are nevertheless 
associated with supplementary rules of 
interpretation and application, which 
indicate in what manner those notions 
are to be used in connection with the 
gross materials of experience. For ex
ample, the theory of mechanics is com
monly stated in terms of such concepts 
as instantaneous velocity or continuously 
varying density. But it would be absurd 

to dismiss the theory of mechanics as 
useless because no measurable velocity 
is instantaneous and no physical body is  
mathematically continuous. Now the 
classical frequency theory of probability 
is in an analogous position; and the func
tional significance of its "ideal" notions 
must Similarly be construed in terms of 
rules of application, such as those im
plicit in the use of levels of statistical 
significance and the like. It  is not essen
tial that, to be useful, the predictions of 
a theory correspond precisely to the 
facts of experience; it is sufficient if, 
through the mediation of such supple
mentary rules of interpretation, the cor
respondence is rough and approximate. 
It  is therefore a mistake to read a m athe
m ati zed theory (such as the theory of 
probability) as a literally accurate de
scription of the actual course of events; 
and it is no less a mistake to reject such 
a theory because it provides no such 
description. 

Brown nonetheless makes effective 
use of his adventures with random num
bers in his extremely acute comments on 
some of the statistical data of recent 
psychic research. These data exhibit sta
tistical patterns which have been inter
preted to signify the reality of parapsy
chological phenomena, such as extrasen
sory perception and telepathy, but 
which in important respects are very 
much like the "oddities" Brown has dis
covered in tables of random digits. He 
therefore raises the pointed question: 
"Why say that when significant biases 
occur in certain circumstances they are 
evidence of marvellous telepathy, but 
when they occur in other circumstances 
they are just statistical artifacts or mis
takes on the part of the operators? It  is 
much Simpler to suppose that they are 
in each case the same thing." And he 
does not hide his conviction that the de
partures from "pure chance" expecta
tion exhibited by psychic research data 
are best explained, for the present at any 
rate, as consequences of certain inherent 
limitations in the design of psychic ex
periments, rather than as the manifesta
tions of hypothetical parapsychological 
powers . Brown has not established his 
case beyond all doubt, and certainly the 
data he makes available in this book on 
the statistics of random numbers are not 
sufficient to make completely secure his 
general views on randomizing m achines. 
His discussion of the statistics of psychic 
research nonetheless opens up a fresh 
perspective for evaluating the results so 
far obtained. In any event his analysis of 
those data is the only published account 
with which this reviewer is familiar that 
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Creative Engineers ... 

Temco has a place for you 
in this New Engineering Center 

At Temco, growth provides experienced engineers 
with challenging opportunities. They will find here 
rewarding assignments in electronics, guidance sys
tems, jet aircraft, missiles and weapons systems. 

This new 100,000-square-foot, air-conditioned 
Engineering Center typifies Temco's dynamic prog
ress. More than 1,000 creative engineers work here. 
Here, too, is housed the most modern equipment 
available for the design and development of complete 
weapons systems. Diversified projects include work 
on recently awarded prime contracts for three 
Temco-designed missiles and jet aircraft. 

AIRCRAFT CORPORATION· Dallas, Texas 

Rapid expansion of research activities at Temco 
creates the need for a wider range of engineering 
skills. The engineer who has set exacting require
ments for his future finds here a stimulating, creative 
atmosphere, and congenial associates. 

In Engineering, the Best Opportunities are in Aviation 

In Aviation, the Best Opportunities are at Temco 

r--------- ----------------, 

MR. JOE RUSSELL, Engineering Personnel 

Room 110-N, Temco Aircraft Corp., Dallas, Texas 

Please send me complete details of the Temco story of unusual 

opportunities for experienced engineers. I am especially interested 

in ________________________________________ _ 

NAME ____________________________________ _ 

ADDRESS __________________________________ _ 
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PALMER'S F I ELDBOOK 
OF  MAMMALS 
E. Laurence Pal m er,  Director of 

Conservation Education of the 

National Wildlife Federation . 

Over 300 line drawings, over 275 
mammals of the world, both wild 
and domestic. The invaluable tao 
bles, the sections on animal l ife 
and conservation, the diagrams of 
tracks, teeth and skulls make this 
the best low· priced handbook in 
its field. $3.75 

THE SPACE ENCYCLOPAEDIA 
b y  S i r  Harold Spencer Jones 

ami Others 

The facts of space may soon be the 
facts of  life·and·death for all of  us. 
Here they are, in the first compre
hensive encyclopaedia that covers 
every aspect of Space Research, 
Astronomy and Guided Missiles. 
700 entries by eight key British and 
American authorities-more than 
300 pictures, maps and diagrams. 

$6.95 

VANGUARD! 
by Martin Caidin, co-author of 
Zero ! a n d  Samurai ! 

The dramatic book that tells you 
in detail about the launching of our 
first artificial moon-about the re
search, construction and dangers 
behind it-and what scientists hope 
to learn from it.  The whole story of 
Project Vanguard . . .  vividly writ
ten . . .  technically accurate . . .  
profusely illustrated. $3.95 

THIS WAY TO THE STARS 
by John M. Schealer 

A book that leads young minds and 
imaginations out into the universe 
and beyond with effortless author
ity. From the great astronomers of  
the past to today's instruments and 
a trip into outer space-here is a 
really first-hand introduction to a 
subject of ever-increasing impor
tance to young Americans. $2.95 
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E. P. DUTTO N & CO. 
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offers a reasonably plausible explanation 
for them. 

Brown discusses a large variety of oth
er topics, often with insight but not al
ways cogently. He would have written a 
better book, and certainly a better-organ
ized one, if he had touched on fewer 
themes and had instead developed his 
main points more fully. Even so, enough 
has been said to make it evident that his 
book is both challenging and important . 

Children's Books 

kL ABOUT ELECTRICITY, by Ira M .  

Freeman. Random House ( $ 1 .95 ) .  
For youngsters beginning to take an in
terest in electrical and magnetic phenom
ena, Dr. Freeman's sound, simple book 
will serve as a helpful steppingstone . He 
sketches the history of the subject, the 
discovery of the laws of static electricity, 
magnetism, electric currents , the inven
tion of electromagnets and electric 
motors, the principles of the telegraph 
and telephone, the elements of wireless 
and electronics. Excellent illustrations . 

CHEMISTRY CREATES A NEW WORLD, 

by Bernard Jaffe. Thomas Y. Crow
ell Company ( $4.50 ) .  Dr. Jaffe has 
written several excellent popularizations 
of science and a superior textbook of 
chemistry. We must now credit him 
with a most readable survey-addressed 
to adolescents-of the achievements of 
modern chemistry. Two introductory 
chapters deal with the nature of chemis
try, the historical development of basic 
concepts and the universal symbols of 
the science . Jaffe then explains the 
structure of flame, soap, water, baking 
powder, ammonia water and other sub
stances and processes to be found in the 
kitchen .  This discussion leads into re- 
ports on new medicines, agricultural 
chemicals, advances in metallurgy, syn
thetic gasoline, rubber and Rbers, and 
various constructive applications of 
atomic energy. A Rne balance is achieved 
of exposition, history and biography, to 
make this an exceptionally attractive 
book of knowledge. 

THE C HEMICAL HISTORY OF A CANDLE , 
by M ichael Faraday. Thomas Y.  

Crowell Company ( $2.75 ) .  A reprint of  
these famous Christmas Lectures which 
Faraday Rrst delivered to an audience of 
young people at the Royal Institution in 
London in 1848. He explains how a can
dle is made, how it burns, what is in
volved in the chemistry of combustion.  
He discusses the source and brightness of 
the flame, the water produced in the 
burning process, the hydrogen in the 

candle, the nature of the surrounding at
mosphere which supplies the oxygen . To 
his incomparable gifts as an experiment
er Faraday added a superb capacity for 
describing and demonstrating physical 
phenomena. Schooled as assistant to 
Humphrey Davy-who was himself a 
brilliant lecturer-Faraday painstakingly 
drilled himself in the platform art. He 
was master of his subject ; he had a lucid 
delivery ; he delighted in devising in
genious instruments and demonstrations, 
and he was contagiously enthusiastic. 
Unquestionably he was the foremost sci
entiRc lecturer of his day. The present 
edition has a graceful biographical in
troduction by Sir J .  Arthur Thomson 
and a foreword on the Christmas Lec
tures by E. N. da C .  Andrade. The illus
trations have been redrawn by Jeanyee 
Wong : some are clearer; some new ones 
are added; some old ones eliminated. 
The result is pictorially satisfactory, but 
it is a sad fact that the charm of the il
lustrations found in older editions has 
vanished. 

BUILDING BLOCKS OF THE UNIVERSE, by 
Isaac Asimov. Abelard-Schuman, 

Ltd. ( $3 ) . Each of the 102 chemical 
elements-nobelium was just synthesized 
when the book went to press, and gets a 
nod-is briefly treated in the latest of 
Dr. Asimov's science primers for young
sters . He explains how the elements were 
discovered, their properties, their com
pounds. Unfortunately, except for a 
rather pOintless pair of periodic tables 
(one has only numbers ; the other, only 
names ) ,  there are no illustrations. 

SUN, EARTH, AND MAN, by George P. 
and Eunice S. Bischof. Harcourt, 

Brace and Company ( $2.75 ) .  Around 
the universe in a rocket. N either time 
nor space stay the Bischofs from the 
swift completion of their self-appointed 
rounds : the sun and the planets; the ori
gins of the earth; the beginnings of life; 
prehistoric animals and early man; bio
logical and technological evolution ;  the 
physical features of the globe today; how 
man Rghts disease, climate, drought, 
flood and the destroyers of his crops;  
how men have wasted the earth and how 
others are trying to conserve its re
sources ;  the possibilities of future devel
opments . Total: 25,000 words . This 
volume may nonetheless suit the literate 
youngster who wants no more than a 
taste of scientiRc information, adminis
tered in small doses.  

INSECTS ON PARADE, by Clarence J. 
Hylander. The M acmillan Company 

( $3 .75 ) .  Among the members of the 
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NEWSWORTHY 

Of considerable interest to: 

E L E C T R O N I C S E N G I N E E R S  
S E N I O R  P H Y S I C I S T S  
M AT H E M AT I C I A N S  
Please write to Robert C. Main, Manager 

E L E C T R O N I C S D E P T. 
H A M I LTO N S TA N D A R D  
D I V I S I O N  O F  U N I T E D  A I RCRAFT C O R P O RAT I O N  
2 0  Main St. , Broad Brook, Connecticut 
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A scientific report 
on miracles to come 

N UCLEAR ENERGY 
IN THE SOUTH 

Edited by 

REDDING S. SUGG, Jr. 

This book blueprints the coming 
Atomic Age in the South to 1975. 
It  shows how the atom, harnessed 
for peace, will transform power pro· 
duction, agriculture, education, llled
icine and public health-how it will 
stimulate the economy and raise the 
living standard of  the entire region, 
from Delaware to Texas. 

Prepared by the Southern Regional 
Education Board under the sponsor· 
ship o f  the Southern Governors' 
Conference, this volume is the joint 
effort o f  scores of  experts.  Men in 
science, business, industry, govern
ment and education will find this 
book deserves their close attention. 
8 full·page illustrations. 

$3.50 through your bookseller. 
or  order directly from 

DYNAM IC 
PROGRAMM ING  

By RICHARD BELLMAN, 
Research Mathematician 

at the RAND Corp. 

T H E  TH EORY of dynamic program
ming, rapidly becoming widely 

known and used in problems involv
ing multi-stage decisions, is here pre
sented for the first time from the
beginning and at a moderate mathe
matical level which does not obscure 
the simplicity of the guiding ideas. 
Mr. Bellman, who coined the phrase 
and developed the theory in its early 
stages, has provided many examples 
to aid the reader in mastering the 
material. A RAND Corporation Re
search Study. $6.75 
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Order f,'om yOllr bookseller 

Princeton 
UNIVERSITY PRESS 

Princeton, New Jersey 

parade whose appearance, habits and 
peculiarities are recounted in these pages 
are grasshoppers ; walkingsticks;  man
tids ; stink, squash and chinch bugs ; 
click, scarab, stag, snout, diving and 
whirligig beetles ;  butterflies ;  moths ; 
house, blow, fruit and horse flies ;  wasps ; 
bees; ants , and termites .  Plain exposi
tion; sensible line drawings; good pho
tographs. 

A HARE ABOUT THE HOUSE, by Cecil 
S. Webb. Houghton MifRin Com

pany ( $2.75 ) .  During his tenure of of
fice as superintendent of the Dublin 
Zoo, Cecil Webb, an experienced cura
tor-collector of wild animals, adopted 
into his household a baby Irish hare. 
This is the story of its domestication, 
education and happy life in the Webb's 
home. Horrie-short for Horace-was a 
member of a breed known for its ex
ceptional timidity in the wild state. Af
fection, patience and profound under
standing did wonders for him-as they 
do for anybody. He was nursed on milk 
from a fountain-pen dropper. He slept in 
a cozy box-bed next to the stove in the 
kitchen. He would drum on the sides of 
the box to get attention.  He kept himself 
clean and was easily housebroken. He 
explored every corner of the house, raced 
up and down stairs and became skilled 
in playing tag and other games with his 
foster parents. He learned to walk like a 
performing bear, to beg for toast and 
marmalade, to sleep on a pillow, to an
swer to his name, to knock on the door 
when he wanted to go in or out, to feign 
sleep, to poke at his master as an invita
tion to play. Early in his life the Webbs 
provided him with a companion, an or
phaned albino rabbit who was chris
tened Squirt. They got along fine . S quirt 
was particularly devoted to the hare and 
would help him clean himself; Horace 
would occasionally condescend to give 
the rabbit a lick. Another sign of Horace's 
extraordinary individuality was his sev
eral allergies which made him sneeze 
when the wrong kind of dust got in his 
food.  Besides being a delightful tale, 
A Hare about the House is a contribu
tion to the study of animal behavior. 

THE RAINBOW BOOK OF NATURE, by 
Donald Culross Peattie. The World 

Publishing Company ( $4.95 ) .  A skilled 
naturalist-writer presents a series of di
verting and instructive observations and 
comments on various aspects of plant 
and animal life . He discusses the longevi
ty of ichneumon flies ;  lobsters and tur
tles ;  the growth of molds ; the ecology 
of ponds, meadows, deserts and forests ; 
barnyard life ; the antiquity and evolu-

tion of domesticated animals ; the colors 
of the insect, bird, fish and flower world; 
the marvelous adaptations of form and 
function; the principles of taxonomy; the 
relation between seasonal changes and 
animal life ; animal parents ; ant socie
ties;  animal aggressors ; plant nomads ; 
the distribution of living things . This is 
an intelligent, readable book, very well 
illustrated by Rudolf Freund, and will 
appeal to anyone 10 years old and up . 

I GLOOS, YURTS, AND TOTEM POLES, ed-
ited by Friedrich Boer. Pantheon 

( $3 .50 ) . This book, a translation from 
the German, consists of brief accounts by 
staff members of the Hamburg M useum 
of Ethnology and Prehistory of the pres
ent life and customs of 13 peoples 
around the globe. Each narrative is in 
the first person, as if a child belonging 
to the tribe or group were describing its 
ways and experiences to a reader of his 
own age. A young Australian aborigine 
tells of the constant search of his Stone 
Age band for water and food ; Aniva, a 
little Samoan girl, describes the painful 
ordeal of being tattooed; Abdullah, the 
Kirghiz boy from Kazakhstan, paints a 
vivid picture of nomadic life in the vast 
steppe country between the Caspian Sea 
and the Altai M ountains in the U . S . S . R . ;  
p'haf6di, the yellowish-brown-skinned 
boy from the southwest African bush, 
recites his adventures as a big-game 
hunter with bow and arrow. Among 
others who speak are Kunabi, an Indian 
boy of the South American Jivaro tribe 
which hunts with blowpipe and poi
soned arrows ; Masha, an Ostyak girl of 
Siberia whose family follows their herd 
of reindeer on its migratory course;  Kul, 
the Nuer boy from the Sudan; Koshtel
en, a Fuegian of the Selk'nam tribe, of 
whom only 200 are left ; Koketl, the 
Mbowamb boy of central New Guinea; 
Mbungu, the girl of the Ba-Congo tribe.  
A book of exceptional merit-lively, well 
written, full of unusual information. 
Good illustrations. Ages 9 up. 

kL ABOUT GREAT RIVERS OF THE 

WORLD, by Anne Terry White . Ran
dom House ( $ 1 .95 ) .  History, science 
and the story of man's ties with great 
waterways are very skillfully blended in 
this book. M iss White writes about the 
birth of rivers, the famous mysteries of 
the White and Blue Nile, the effect this 
twisting and variable stream has had on 
the course of history, the role of the 
Amazon, the Yangtze, the Volga and the 
M ississippi in shaping various lands and 
the lives of the people along their banks, 
the natural life of rivers ; also about 
floods, dams, ships, rapids, crocodiles 
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measu r i ng 
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inqui ries invited 

A fundamental test of the various theories of 

beta decay which have been inspired by recent parity 

experiments is obtained from the quantitative 

measurement of the spatial asymmetry of the beta particles 

emitted in the decay of free polarized neutrons. 

For these measurements, neutrons with identical spin 

directions were selected from a neutron beam from Argonne's 

CP-5 research reactor by reflection from a magnetized 

cobalt mirror. This technique for obtaining polarized neutrons 

was conceived and developed by Argonne scientists. 
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and meanders . Now and then Miss 
White is carried away by her subject and 
ships a little water, but she has written 
a top-notch children's book about a fas
cinating subject. 

HERE Is THE FAR NORTH, by Evelyn 
- Stefansson. Charles Scribner's Sons 

( $3 .50 ) . The Rrst part of Mrs. Stefans
son's book is an account of a flight she 
made on the Scandinavian Airlines from 
Los Angeles to Copenhagen over the 
Great Circle North Polar route . She 
comments on the scenery and landmarks 
along the way and gives details of the 
history of exploration in these regions. 
The second part of the story presents 
brief sketches of Greenland, Iceland and 
the Soviet sector of the Arctic, describ
ing the land, climate, people and daily 
life . Mrs .  Stefansson is a student of this 
part of the world and writes easily. Her 
well-illustrated survey is suitable for 
adolescents . 

kL ABOUT THE DESERT, by S am and 
Beryl Epstein . Random House 

( $ 1 .95 ) .  Dry deserts cover one seventh 
of the earth's land surface. Except for 
their scarcity of water they have little 
else in common . The Sahara is as big 
as the U. S . ;  the Painted Desert in Ari
zona is no bigger than Connecticut. 
Some deserts are at sea level or below, 
some are on high plateaus ; some are flat, 
some hilly; some have dunes, some are 
hard packed with sand, some have flat 
stone floors . Our Southwest deserts have 
tall cactuses, but these do not grow in 
the great Gobi.  No camels perambulate 
the Mojave ( although they did in pre
historic times ) ,  but they are a regular 
feature of the Sahara, the Gobi and the 
Arabian deserts. Ostriches are a familiar 
sight in Africa's Kalahari but not in 
South America's Atacama; our deserts 
have road-runners, but this sturdy little 
bird is a stranger to other dry places. The 
Epsteins impart a good deal of sound in
formation about the deserts of the world : 
what they look like, who Rrst explored 
them, how they are traveled, why they 
are dry, what sorts of plants and animals 
inhabit these regions and how each spe
cies handles its water economy. A sound, 
relaxed primer for children 9 to 12 .  

EXPLORING WITH YOUR M ICROSCOPE, 

by Julian D. Corrington. McGraw
Hill Book Company, Inc. ( $4 .95 ) .  For 
those who wish to take up microscopy as 
an a vocation, this thorough, practical 
manual by the chairman of the zoology 
department at M iami University in Ohio 
will serve as a stout guide . It traces the 
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history of the microscope and sketches 
its general principles, methods of use 
and different accessories.  Various chap
ters discuss the examination of pro
tozoa, simple algae and infusions, 
threads and fibers, rocks and minerals, 
metals and chemicals, bacteria, tissue 
sections, insects . Good illustrations;  
bibliographies ;  information on supply 
houses . High-school and college age. 

THE GOLDEN PICTURE BOOK OF 

SCIENCE, by Rose Wyler.  Simon and 
Schuster ( $ 1 .35 ) .  This book is for chil
dren of 8 to 10. The topics covered in
clude animals, plants, rocks, gravity, day 
and night, rain and snow, the sky and 
the ocean ( with 45 experiments ) in 50 
pages .  Implausible as it  mav seem, this 
is an instructive little sampler, with good 
pictures and a genial grab-bag quality. 

MONKEY BUSINESS, by Irving Adler . 
The John Day Company ( $2.95 ) .  

A collection of oddments, mainly hoaxes 
in the name of science. Among the lot are 
the New York SUIl series, which ap
peared in 1835, purporting to describe 
Sir John Herschel's discovery of life on 
the moon; Charles Dawson's Piltdown 
forgery; Anton M esmer's career as a 
medical hypnotist; sundry mountebanks' 
claims to have made artiRcial diamonds ; 
and the singular triumph of the learned 
president of Duquesne University in tri
secting the angle with ruler and com
pass. A diverting hodgepodge . 

THE LIFE OF THE BOOK, by H ellmut 
Lehmann-Haupt. Abelard-Schuman 

( $3 .50 ) .  How books are published; the 
history of printing, illustration, manu
facture and design ; how books are sold; 
the joys of book collecting. The author is 
a well-known specialist in rare books and 
a bibliographical consultant. His survey 
is pleasant and knowledgeable but gives 
remarkably little information, even for 
a primer, on the anatomy and construc- 1 
tion of books or on arts and crafts related 
to bookmaking. 

P AGOO, by Holling Clancy Holling. 
- Houghton M ifflin Company ( $3 .75 ) .  
The life story of a hermit crab . This is a 
sentimental book, too cute for many 
tastes ( e .g . ,  the central character's ani
mal instinct which keeps telling him 
what and what not to do is called "Old 
Pal" ) but it offers a vivid account of life 
along the seashore and in tide pools-its 
rhythms, hazards, struggles for survival 
and rare beauty .  There are marginal 
drawings and full-color plates by the 
author and his wife . 
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This ("("office boy" travels 25 ft. per second 

Here is a jet-propelled communication system that 
delivers messages and bulky paper work ... sends 
samples, medicine, nuts and bolts ... from desk to 

desk, office to plant-in seconds. 
Airmatic Systems Corporation, an associate of 

International Telephone and Telegraph Corporation, 
has brought the magic of automatic dial telephone 
switching to the pneumatic tube carrier. You simply 
dial the destination on a standard telephone dial 
and the rugged, jumbo-size carrier is automatically 
routed to the right station. 

For a bank, hospital, business or factory ... the 
simplified "special delivery" services provided by 
an IT&T automatic selective pneumatic tube system 
will speed communication, move orders and mate
rials faster, save miles of walking ... for continuous, 
instant, dependable 24 hour unattended service. 

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, 67 Broad Street, New York, N. Y. 

For information about automatic selective pneumatic tube systems wI·ite to Airmatic Systems Corporation, an associate of IT&T, Fairview, N. J. 
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• 

I ullibing . . .  no substitute can do what copper does! 

IIU.VU.,,, Lifelines, the pipes that carry water and dispose of waste ... work most efficiently, for a longer 

period of time, when they're copper. Of all metals, copper best combines high resistance to corrosion 

with durability. Copper water and drainage tube lasts and lasts ... never clogs with rust. No other 

metal piping can be installed as quickly and easily as copper tube. In fact, today, a quality 

plumbing system of copper can cost the homeowner less than one made with any other type of metal! 

COPPER CORPORATION, W!ub�;�::�i:�: CHA
,
SE BRASS & COPPER CO . •  KENNECOTT WIRE & CABLE CO. 
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Peace is his profession 
For more than a decade the officers and airmen of the United States Air Force 
Strategic Air Command have waged peace with all the vigor and resolution 
the military once gave only.to war. The survival of our civilization in which freedom 
of religion, education, art, science and government flourishes, depends today upon 
the men who are practicing peace as a full-time profession. In this restless world 
these professional men are actively dedicated to our way of life! 

PUBLISHEO AS A PUBLIC �ERVIC£ 8Y CONVAIR, A DIVISION OF GENERAL DYNAMICS CORPORA�ION 

© 1957 SCIENTIFIC AMERICAN, INC


